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VULCAN - A DEPLETION PROGRAM FOR USE WITH INDEPENDENT 

ONE-DIMENSIONAL S PATlAL CALCULATIONS 

by John L. Anderson, Jr. 

Lewis Research Center 

SUMMARY 

A digital computer depletion program, VULCAN, which treats the time behavior of 
nuclide concentrations in a nuclear reactor,  is described. This depletion program is 
suitable for use with any multigroup one-dimensional spatial solution; that is, it is 
independent of the actual generating source of c ross  sections o r  fluxes. This flexibility 
allows any space -energy calculational sequence to be extended, without alteration, to 
include a depletion stage. 

The depletion calculation is performed for  each mesh interval, and an averaging 
process is used to reduce the number of regions for which new atom densities are 
required. The depletion equations for several  classes of nuclides are shown and cast  
into forms solvable by a computer. Data input instructions, a sample problem, and a 
FORT" IV listing of the program are included. VULCAN, written for an LBM 7094, 
re l ies  entirely on fast memory computer storage (32K). 

INTRO DUCTlO N 

In the face of various economic and operational restrictions the life expectancy of a 
nuclear reactor must be considered as a part of its design. This life expectancy or  
lifetime is essentially the length of time a reactor core o r  fuel element may operate 
before reactivity or  structural  considerations force a shutdown. For example, the 
structural  consideration may be the governing one because of gaseous fission products 
and consequent pressure buildup. 

In the interest  of economics the degree of fuel utilization within a spent element or 
core should be as large as possible. Budgetary requirements and, for  commercial 
power reactors,  subsequent consumer costs make necessary the availability of a cost 
per unit time figure which depends on the fuel utilization. In another vein, space ap­
plications of nuclear reactors,  for  which maintenance is rather  inconvenient, demand 



lifetime and performance foreknowledge. 
The lifetime determination based on reactivity considerations may be made by con­

sidering the time behavior of fissionable and parasit ic nuclide concentrations. The 
behavior of individual nuclides is governed by depletion (productive and parasitic ab­
sorption, decay and physical losses) and by buildup (decay and fission sources). The 
differential equations describing the various isotopic populations are typically solved by 
programs for  digital computers; generically, these programs are called depletion 
programs. 

Depletion programs may emphasize any of several  facets: speed, intervention con­
venience, tape handling convenience, and calculational detail. Usually, the program s 
include the spatial (generally diffusion theory) calculations and cross  section l ibrar ies  in 
one all-encompassing computer program. These programs may treat reactors  whose 
symmetry allows their calculation to be performed in  one (refs. 1and 2), two (refs. 3 
and 4), or three dimensions. They allow several  depletion cycles to be performed with­
out any other input or intervention. However, such codes typically have energy group 
and diffusion theory limitations because of insufficient computer memory capacity. These 
limitations may be overcome by auxiliary storage on peripheral devices but at the ex­
pense of computer execution time. A somewhat more comprehensive review of the 
l i terature and programs may be found in reference 5 .  

This depletion program, VULCAN, may be used with any one-dimensional space-
energy solution. The c ross  sections and fluxes (mesh interval averages) that VULCAN 
requires may be from any source (constant, analytical, or  even experimental) in any 
format. Consequently VULCAN is independent of the actual generating source of c ross  
sections or  fluxes. This flexibility allows any space-energy calculational sequence to be 
extended without alteration to include a depletion stage. A particular advantage result­
ing from the independent status of VULCAN is the availability of considerably more fast 
memory computer storage since the multigroup energy and spatial solutions to 
Boltzmann’s equation have been obtained from other programs. This additional storage 
enables pointwise (at each discrete mesh interval of the spatial calculation) rather than 

zonal (average over several  mesh intervals) nuclide concentrations to be followed. A 
representative 7 energy group-14 mesh interval-13 isotope-1 time step problem r e ­
quired 0.15 minute of IBM 7094-11 computer execution time. 

The VULCAN program is comprised of about 1200 source statements and relies 
entirely on fast memory computer storage. However, because no peripheral storage is 
used, the following restrictions a r e  imposed on this version of VULCAN: 
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Energy groups 
Mesh intervals 
Zones 
Materials 

540 
540 
520 
5190 
5190 

Some of the restrictions may be relaxed but at the expense of tightening others (see 
the section VULCAN DESCRIPTION). VULCAN is written in FORTRAN IV language for 
use on an  IBM 7094 with 32K memory. 

PREPARATION OF DEPLETION EQUATIONS 

General Solut ions and Approximations 

The general equation governing the concentration of a particular isotope N as a 
function of space 'F, time t, and energy E is 

where 

E ,  t) neutron flux as function of space, energy, and time, neutrons/(b) (sec);@(F, 
neu.trons/(10-2 m2) (sec) 

dc ak
f '  n ,y  ,ak microscopic fission, (n, r),  and absorption c ross  sections for  isotope k,a 
b; m2 

'k decay constant for  isotope k, sec-' 
atom concentration of isotope k, atoms/(b) (cm); atoms/(lO- 30 m 3)

Nk 
NF number of fissionable isotopes considered 

The first term on the right side of the equation is the source of isotope N from the 
fission yield rr of each fissionable isotope i considered. The second te rm is the 
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source from beta decay of the precursor nuclide N
P' 

The third term is the source from 
radiative capture (n, y reaction) by Nr. The fourth te rm is the loss resulting from beta 
decay of the isotope N itself. The fifth te rm is the loss f rom depletion or  burnup of N. 
The sixth te rm represents losses of isotope N such as expulsion of material  fragments 
or diffusion of gaseous constituents or products (5, is the loss rate). 

There are two simplifications to be considered before this generalized equation may 
be used in a depletion scheme. The first is the reduction from the continuous variables 
F, E, and t to their discrete counterparts. In particular, the GAM-GATHER (refs. 6 
and 7) multigroup energy structure and the TDSN (ref. 8) spatial interval structure may 
establish the discrete E and F. There remains only the discrete t to assign, and 
this is done as par t  of the VULCAN input. 

The second simplification begins with the realization that the form of equation (1) and 
its consequent solution will depend on the nuclear behavior of the isotope. Contrast, for  
example, the form of the equation for uranium 235 (U235) which is fissionable and may be 
formed by radiative capture in  U234 and the form for  xenon 135 (Xe135) which is a fission 
product and is both created and depleted by beta decay. 

Now, before enumerating the forms of the depletion equation to be considered, it is 
convenient to discuss some methods for  their solution. There a r e  two assumptions in 
general use which facilitate the solutions: (1) constant flux or (2) constant power over a 
time interval, each of which wil l  be expressed mathematically hereinafter. As the time 
interval decreases,  the two approximations approach each other. However, the constant 
power approximation (CPA) seems to be appropriate since the usually understood objec­
tive of the reactors considered is that of providing a constant power output. Since most 
of the power in a reactor is produced by any of six isotopes (thorium 232 (Th232), U233 , 
U235, U238, plutonium 239 ( P u ~ ~ ' ) ,  the CPA need only be applied toand P u ~ ~ ~ ) ,  
equations which dictate their behavior. The equations for all other isotopes may be 
treated by the constant flux approximation and then solved analytically. 

At this stage it is appropriate to cast  equation (1) in its discrete form,  that is, 

becomes 

NG 

for any isotope N, mesh interval (spatial location) m, c ross  section ox, and time t 
and where NG is the total number of energy groups. Thus, 
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NG 
In the CPA, Nim(t) a jmui j  is a constant f o r  any mesh interval m where i cor­

i
J

responds to the six isotopes mentioned previously. In the constant f lux  assumption, @
jm

is considered constant over the time interval, and Nm(t) is thus free to be combined 
with dNm(t) leading to an  analytic solution. Of course, in either case, Qjm and u: 

j
are implicitly constant over the energy j and space m intervals as is required by the 
respective codes. For the finite difference solution to the CPA, the following two sub­
stitutions must be made: 

dN(t) - Nt+At - Nt 
dt  A t  

and 

FormuI ation of Speci f  ic Equations 

It now becomes necessary to determine the isotopes which will be explicitly con­
sidered. A fixed base of twelve fissionable isotopes and five assorted fission products 
was established, and the basic depletion equations determined. These equations and two 
other general forms are considered adequate for  any foreseeable reactor application. 

The twelve fissionable isotopes used as a base are the constituent nuclides in two 
chains Th232 - U236 and U238 - Pu242. The other five base isotopes are Xe 135 ,
samarium 149 (Sm14'), iodine 135 (I135),promethium 149 (Pm 149), and a fission 

product aggregate; 1135and Pm14' are considered merely because they are precursors  
of Xe135 and Sm14', which a r e  major parasit ic absorbers.  Four additional categories 
of isotopes may also be treated. The first of these categories is labeled "Special 
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Materials" and may include additional fission products and aggregates and neutron 
capture products. These isotopes are formed from fission and/or capture and decay 
(see the section INPUT INSTRUCTIONS). The analytic solution is used and so is appli­
cable to rapidly saturating nuclides. The second is headed "Burnable Poisons" and 
treats isotopes depleted by absorption and those which are not continuously formed (e. g. , 
boron 10). The third category, called "Repeated Fissionable Nuclides" allows any 
fissionable isotope to be included more than once. If, for example, U235 occurs in two 
locations in a reactor where the flux spectra differ, the microscopic c ross  sections may 
be sufficiently different to make separate depletion desirable. The fourth category 
is headed "Nondepletable Nuclides'' and it allows nondepletable isotopes such as hydrogen, 
oxygen, or aluminum to be carr ied through the VULCAN calculation unaltered. 

The following two sections contain the specific depletion equations considered. Their 
solutions, in a form suitable for computer analysis, are shown along with some exemplary, 
but condensed, derivations. In the equations that follow, any implies a type of sum­
mation convention, that is, 

NG 

Fissionable nuclides. - The following two simplified heavy element chains provided 
the twelve basic fissionable nuclides: 

Th232 - U236 chain: 
Th232 

* * 
U238 - Pu242 chain: 

*/u23""\,239, 
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where 

\ (n,y) process followed by P decay

1 P decay- (n,y) reaction 

*J fission (all isotopes fission but virtually all power is produced by the six indicated) 

The two chains appear to obey identical reaction mechanisms. To the extent of the con­
siderations in this depletion analysis, this is the case, with but one exception; Pu241 

undergoes P decay with a nonnegligible decay whereas U235, for these depletion pur­
poses, is stable. Consequently, seven equations suffice to treat the twelve fissionable 
nuclides. 

In the following equations the superscripts represent the VULCAN internal identifica­
tion (VID) number (see the section Nuclide List) for the first chain considered 
(Th232 -U236). The isotope in the second chain (U238 - Pu242) to which each equation 
applies is also indicated. The equation designation (a) will denote the differential equa­
tion and (b) will  denote the finite difference form used in the program. 

Th232 (VID = 1) o r  U238 (VID = 7) 

dN 
1 
- - N 1 1uaa 

dt 

1 Nt+At + NtNt+At - Nt1 = -( 3A t  

1 
1Nt+At = Nf 	 - uf “7 

2 + uaQ A t  

Pa233(VID = 2) o r  Np239 (VID = 8) 

d t  



-- 

-- 

1 
2 Nt1.

Nt+At = 
Nt+At (.:).

2 2 
- exp [-(.z + o i @ ) A $ +  Np exp 

2 x +oa@ 

u~~~(VID = 3) or ~u~~~ (VID= 9) 

3 3 
dN 3- - N oa@+ N2A2 - Nt+At - Nt = -(Nt+At Nt3, oza+ N2 2  ( 5 43 3  
dt A t  

3 -
Nf(2 - o:@ At) + @+At + N p P  A t  

~.. 

3Nt+At - 2 + oa@At 

If VID = 2 (VID = 8) is not included, then the following equation is used: 

u~~~(VID = 4) or  ~u~~~ (VID = 10) 

3 3dN4 - - N40:@ + - o:)@ + N (oa - oi)@dt 

44 -Oa@ At 

4Nt+At = Nte-oa@ At + [(.:+At + Nf) (oz -4)+ (Nf+At + Nf) (0; - o i l (  - e 
2oa 
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u235 (VID = 5) 

- .f'>.A t  

52 + oa@A t  

Pu241 (VID = 11) 

U236 (VID = 6) o r  Pu242 (VID = 12) 

6 5 5dN - - N6u:a + N (ua - #)a
dt  

Poisons: __ Pm14'). - Each of_ - Explicit_.fission products (Xe135 1135ySm14', --and -~ 

these explicit fission products is treated under a separate heading. The analytic solu­
tions enable the rapidly saturating fission products to be followed within a single time 
step. For each of the four products an  equilibrium concentration equation is given, and 
in the case of Xe135 the buildup after shutdown is treated. 

Xe135: The equation governing the time behavior of the Xe135 nuclide concentration 
X(t) is 
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where 

-iCi = N oi = 
f j  f j  2 

is the average macroscopic fission c ross  section for  isotope i, energy group j ;  5, 
represents the removal rate for xenon other than by < and Ax; and tI is the 
corresponding quantity for iodine. 

In the following derivations, in the interest  of brevity, the time dependence will not 
always be shown and the summation over all energy groups will be implied. The Xe 135 

concentration at time t + A t  is then 

NF NG* 
in which A x  = Ax + 5,, A; = AI - t,, $= f Xi , and It and Xt represent 

i j f j  

concentrations of 1135and Xe135 at the start of the time interval. In the event I135 is 

not considered, equation (lob) is altered internally by letting 1; = 0 and I?= I?+ I?'. 
The equilibrium or steady-state Xe135 concentration is given by 

A;ISS + rx 
-

xss - * 
hx + uaa 
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with I? defined as in the preceding sentence and Is, representing the 1135equilibrium 
concentration. 

The equation f o r  Xe135 concentration at a time A t  after shutdown may be obtained 
from equation (lob) by letting a, 9, and ? equal zero. Then, and Xt become 
Isd and xsdj the respective concentrations at shutdown. The time after shutdown of 
maximum xe 35 concentration is 

1135: The isotope 1135does not have a decay precursor,  thus its equation differs 
slightly f rom that of Xe135 (eq. (loa)). Another loss mechanism (e.g., diffusion o r* 
expulsion) may be incorporated into XI, that is, XI = XI + tI. The 1135 nuclide concentra­
tion obeys the equation 

In finite difference form, equation (lla) becomes 

The steady-state concentration is given by 

- rJ 
ISS - * IXI+ Oa@ 

Pm14’: The isotope Pm14’ has  the same creation and destruction mechanisms as 
1135except that its effect on reactivity is small  enough so that no additional loss 
mechanisms are considered. Thus the finite difference equation is 

Pt+At= Pt exp [-bp+ { @)At]+ ( ” )[- exp [-(a + o:@)At! (12a) 

Ap+ <@ 
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and the steady state concentration is given by 

Sm14': This isotope is similar to Xe135 except that it is stable and no extra loss 
mechanisms are considered necessary. The equations fo r  Sm149 are 

and 

I-

Ph P h + o a @  -

In the event Pm14' is not considered, equation (13b) is altered internally by letting 
Ap = 0 and ?= r$ + rp. The steady state concentration iS 

- X P  Sp s s + r  
sss -

Special materials: These materials, which include fission products and aggregates, 
obey the following depletion equation: 

sp -

CFP@ 
[l - exp (- At)]+ Nf'exp (-8'@At)Nt+At -

a 
(14) 

where 6'' = 1 if material  SP is a capture product (e. g . ,  (n, y ) )  of the preceding 
material (SP - 1)and 6" = 0 if it is not (see the section INPUT INSTRUCTIONS).
For the fission product aggregates (VID= 13), 6SP = 0. 
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Solut ion of depletion equations 
(VULCAN) 

F lux  level 

I 

Burnable poisons: The concentrations of the nuclides considered as burnable 
poisons obey the simple analytic form 

N7+At = N F  exp (-of@ At) 

Depletion cycle: These depletion equations may now be incorporated into a complete 
depletion program. Such a depletion program, coupled with the energy and space codes 
(e. g. , GAM-GATHER and TDSN, refs.  6 to 8) enables a depletion cycle to be performed. 
A typical depletion cycle proceeds according to the flow diagram in  figure 1. 

M u l t i g r o u p  cross sectionr--i !calculat ion 

I 

I 
I 
I 
I 

Conversion to macroscopic 
cross sections 

Solut ion of depletion equationsI (VULCAN) t - l
'- I 

I 

I F lux  level 


I 

I 

distr ibut ion distr ibut ion 
chanqe: new 
microscopic 

cross sections 

%re!. - VULCAN Bow diagram 

Before entering the depletion program, two time intervals must be chosen. The shortest  
time interval TI  will be that between renormalizations of the f l u  level (within VULCAN) 
to a given power. The other time interval T2 will be that between recalculations to the 
spatial f lux  distribution. VULCAN will treat the T2/T1 normalizations sequentially as 
a single problem. 

SAMPLE PROBLEM 

This sample problem serves  as a check on the solution of the depletion equations 
insofar as the original solution is concerned and as a device for displaying certain options 
of the program. To illustrate the flexibility of VULCAN, a problem previously solved by 
the depletion program CANDLE (ref. 2) but found in reference 9, was chosen as the 
sample problem. The problem has 2 energy groups and 14 mesh intervals comprising 
three regions in a s lab geometry, and the depletion is over a single time step. Although 
the input to VULCAN illustrates the use of several  options, only the output pertinent to 
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the sample problem in reference 9 is given. The input information (e. g. , cross sections 
and fluxes) listed in reference 9 was supplied to WLCAN. The f i r s t  f lux  normalization 
factor in the VULCAN output (0.999738 E-09) indicates the degree to which this input was 
duplicated. For exact duplication of the variables controlling the power, this factor 
should be 1 . 0  E-09, with the exponent indicating the transition of flux level as used in the 
WLCAN input to neutrons pe r  barn per  second. The optional cross section input format 
used illustrates that particular option. Subroutine TABLE, as listed, contains current 
data; however, the following parameters assumed these values in  the sample problem: 
THERNU(5) = 2.46,  THERNU(9) = 2.88,  THERNU(11) = 3.00, FIWATT = 3.15X10 10 , 
DECAY(14) = 2. llX10-5, DECAY(16) = 2. 88X10-5, and DECAY(17) = 3 . 8 5 ~ 1 0 - ~ .  

A comparative list of atom densities at the end of the depletion interval is given in  
table I. In reference 9, however, only region-averaged atom densities were printed out. 
Although VULCAN does not normally yield atom densities averaged over the original 
regions, an appropriate value of the averaging criterion E (see the section Subroutine 
OUTPUT) will yield these. 

TABLE I. - COMPARATIVEATOM DENSITIES 
-~. 

Nuclidc Material 1 Material 2 
. .  ~- -

CANDLE VULCAN 
(ref. 9) 

.. . 

u235 0.485625-4 0.485632-4 
u2 36 .937653-7 

P m  149 ,563627-8 .561020-8 
1135 .642296-8 .639333-8 

Sm149 .136152-8 .135575-8 

~e~~~ -451111-9 .449453-9 

FP2 .558072-6 .554921-6 
u238 .677028-2 .677051-2 

Pu239 .655909-6 .428466-6 

Pu240 .349750-8 ,225741-8 

Pu241 .227263-10 .145501-10 

The discrepancy in P u ~ ~ ' ,  and Pu241 may be attributed primarily to theP U ~ ~ ' ,  
absence of a resonance correction to the smooth c ross  sections of U238 and P u239. , 
VULCAN assumes the c ross  sections directly reflect  any resonance structure. 
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1 VULCAN T E S T  
2 
6 
1 
1 

6 4 9 5 . 3 3  1.0 
.01 . I  

I 2 3  
2 2 4  
3 5 
4 7 
5 6 
6 17 
7 16 
R 15 
Y 1 4  

10 1 3  
1 1  2 1  1 5  
12  1') 
1 3  2 0  
1 4  9 
15 10 
16 1 1  
1 7  1H 
1H 2 2  15  
1 2.54 
1 7.67  
1 1 2 . 7  
4 35.Y 
I 3H.1 
6 68.1  

1 3  1.0 
1 4  - 0 0 3  
1 5  .O 
1 6  - 0 6  
1 7  - 0 1 4  

1.0 
1 - 0  
1.0 
1.0 
1.0 
1.0 
1 3 6 X 1 2 F 1 2 . 8 / )  
H Y  l J K I 1  GE 1U 

fl  X Y  1; EN 

U 2 3 5  

U-23H 

U - 2 3 6  

PM-149 

1-135  

Input 

P K O M L t M  FHOM WAPrJ-Tr(-Y5 IWAVO-T84-221) I C A N D L E I  K E F  9 
1 i8 3 2 3 2 2  

1 4  2 0 
2 4 5 2 2 
2 1 0 0 1 

1.0 50.0 
.5 

H Y D  
O X Y  

1U-235 
1 U - 2 3 8  

U - 2 3 6  
P d 1 4 Y  
1-135 
SM14Y 
X E 1 3 5  
F P 2  
ZaU025 
8 1 0  1 
8 1 0  2 

1 VU2 3 9  
l'UZ4O 

l l ' 0 2 4 1  
S P M A T  
X F I S Z  

1 
1 
z 
2 
2 
3 

1.O 1.0 1.0 
. 0 0 3  - 0 0 3  .003 
.O -0 .o 
.Ob - 0 6  .Ob 
. 0 1 4  - 0 1 4  - 0 1 4  

.00444 


. 2 1 5 1  

.014 

1 1 . 9 4 1 6  H.H224 

418.2  8 7 2 . 3 2  

.36457 . 124 '+H 

1.79 0. 

.o .O 

3.Y .o 

0. 


0. 


0. 


0. 
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S H - 1 4 9  

XE-135 

FP2 

2N025 

810 1 

010 2 

PU239 

PU240 

PU241 

SPMAT 

X F I S 2  

7 
18 

.02738 
4 

.023643 
2 

. 0 5 1 7 i &_ _ _  _ .­
1.00431 
. l o 3 6 5 1  
.268374 
- 0 8 3 0 4 8 5  

2 
1.25 

3 

.99 
5 

. o n 3 8  
4 

.023643 
2 

- 0 5 1 7 1 4  
3 
5 

1.0 
- 9 9  
.99 

1 2 

.01369 .00014185 
1 2 

.025464 .006771 
1 7 

.n75~57____... 

.922701 - 7 3 5 1 1 5  
.0646481 - 0 3 1 4 3 3 3  
- 2 6 3 6 8 3  .2+6155 
- 0 9 6 6 3 6  - 0 8 5 5 9 6  

1.25 

.80 
1 2 

. o i 3 6 9  . o o o i 4 i n 5  
1 2 

.025464 - 0 0 6 7 7 1  
1 2 

- 0 2 5 8 5 7  

1 9  20  
1.0 
.80 
.80 

0. 


50000. 


0.  

2 7 0 0 0 0 0 .  

0 .  

6 5 .  

12.1801 y.03777 

60 .  

2470.  

6 0 .  

2 4 7 0 .  

0 .  0 .  

9 8 7 .  1874.9  

0. 0. 

3 7 3 .  0. 

0. 0. 

1080. 2 4 1 5 .  

6 0  

2 4 7 0 .  

11 .9416 

416.2 

3 12  1 3  

-001 .001 .001 .00014185 
4 1 1  

.00004915 

- 5 2 8 0 6 8  - 3 6 9 3 0 9  .252466 .16132 
.0152257 .00725616 .0032126 .OOOYO724 
.a02483 - 1 4 7 5 2 7  . i o 4 3 o n  . ono i4n8  
- 0 5 5 6 3 0 3  

3 1 2  13  
-001. - 0 0 1  

4 1 1  
.00004915 
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output 

8 MEMORY MAP * 
S Y S l E M  00000 THRU 0 2 7 1 7  
F I L E  BL'JCK O R I G I N  0 7 7 7 0.-_. 
F I L E S  1 .  UNIT06 I N 0  B U F F  POOL ATTACHED1 

2 .  U N I T 0 5  IN0  BOFF POOL ATTACHE01  
PRE-EXECUTION I N I T l A L I Z A T I O N  0 2 7 5 0  
C A L L  oh( O B J E C T  PROGRAM n9797_-._.
ORJECT PROGRAM 0 2 7 6 4  THRU 7 6 0 5 6  

DECK O R I G I N  ZONTROL SECTIONS l /NAME/=NON D LENGTH, l LOCl=OELETED.  *=NOT REFERENCf 

1. 	 VULCAY 0 2 7 6 4  / S E T 1  1 0 2 7 6 5  1SFT2 1 2 3 6 1 5  / S E T 3  1 3 7 4 4 5  /SET4 1 4 2 2 3 5  
/ S E T 6  1 4 3 4 6 1  / S E T 7  1 4 3 4 7 1  I S E T B  1 4 3 4 7 7  / S E T 9  1 4 3 5 0 7  
/ S E T 1 1  1 4 3 5 2 1  ...... 51430 8 

2- T T A B L E  5 1 4 5 4  / S E T 1  1 1 0 2 7 6 5 1  /SET2 1 1 2 3 6 1 5 1  1 S F T 3  1 1 3 7 4 4 5 1  / S E T 4  11422351 
T ~ ~ L E5 1 7 3 6  

3. 	 TXENON 5 1 7 6 4  1 S E T i - 1 1 0 2 7 6 5 1  1SFT2  1 1 2 3 6 1 5 1  / S E T 3  1I 3 7 4 4 5 1  I S E T 4  1 1 4 2 2 3 5 1  1SFT5 1 1 4 2 6 0 3 1  
/ S E T 6  1 1 4 3 4 6 1 1  /SET7 1 1 4 3 4 7 1 1  / S E T 0  1I 4 3 4 7 7 1  / S E T 1 0  1 1 4 3 5 1 3 1  XENON 5 2 4 7 0

4. 	 POUT 52525 / S E T 1  1 1 0 2 7 6 5 1  / S E T 2  1 1 2 3 6 1 5 1  / S E T 3  1 1 3 7 4 4 5 1  1 S E 1 4  1 1 4 2 2 3 5 1  / S E T 5  1 1 4 2 6 0 3 1  
/ S E T 6  1 1 4 3 4 6 1 1  1 S F T 8  11434771 ourpur 5 4 6 0 3  

5. FADE 54623 / S E T 1  1 1 0 2 7 6 5 1  /SET2  1 1 2 3 6 1 5 1  / S E T 3  1 1 3 7 4 4 5 1  /SET4  1 1 4 2 2 3 5 1  / S E T S  1 1 4 2 6 0 3 1  
/ S E T 6  1 1 4 3 4 6 1 1  /SET7  1 1 4 3 4 7 1 1  / S E T 8  1 1 4 3 4 7 7 1  / S E T 9  1 1 4 3 5 0 7 1  / S E T 1 0  11435131 

F l S E Q l  5 6 0 2 6  F l S E 9 2  5 6 0 3 1  
6. 	 ABFLUX 56034 / S E T 1  I 1 0 2 7 6 5 1  /SET2 1 1 2 3 6 1 5 1  / S E T 3  1 1 3 7 4 4 5 1  / S E T 4  1 1 4 2 2 3 5 1  1 S F T 5  1 1 4 2 6 0 3 1  

/ S E T 6  1 1 4 3 4 6 1 1  / S E T 9  1 ( 4 3 5 0 7 l  A B S P H I  5 6 4 6 4  
7.  	 SFL SH 56502 / S E T 1  1 1 0 2 7 6 5 1  /SET2  1 ( 2 3 6 1 5 l  / S E T 3  I 1 3 7 4 4 5 1  / S E T 4  1 1 4 2 2 3 5 1  / S E T 5  11426031 

/ S E T 1 1  1 1 4 3 5 2 1 1  SSF 56736 
8. 	 BURNT 5 6 7 6 4  i w r i  1 1 0 2 7 6 5 1  /SET2  1 1 2 1 6 1 5 1  / S E T 3  1 1 3 7 4 4 5 1  I S E  14 1I 4 2 2 3 5 1  

/ S E T 6  1 1 4 3 4 6 1 1  / S E T 7  1 1 4 3 4 7 1 1  I S F T B  I I 4 3 4 7 7 1  / S E T 9  1 1 4 3 5 0 7 1  
/ S E T 1 1  1 1 4 3 5 2 1 1  RURNUP 6 5 7 6 6  

9. 	 .L XCOY 6 6 0 0 6  .LXSTR 6 6 0 0 6  . L X S T P  6 6 0 1 1  . L X W T  6 6 0 3 3  8 .LXERR 6 6 0 4 2  8 . L X t 4 L  6 6 0 4 5  
.LXRTN 6 6 0 4 5  * I B E X I T  6 6 0 4 5  .OBCLS 6 6 2 2 5  8 .LXARG 6 6 3 1 4  .LO 6 6 3 2 3  8 
.:LSE 6 6 3 3 1  8 . L F B L  6 6 3 3 2  .LUNE 6 6 3 3 3  8 - 0 F O U T  6 6 3 3 4  

10. 	 .LXSL 6 6 3 4 0  . L X S E L  6 6 3 4 0  . L X S L l  6 6 3 4 1  .LXTST 6 6 3 4 4  .LXOVL 6 6 4 0 4  .LXMOO 6 6 4 4 6  
- L X I N J  6 6 4 7 2  . L X O I S  6 6 4 7 5  8 .LXFLG 6 6 4 7 6  .LTCH 6 6 4 7 7  

11. 	 .FPTRP 66 505 .FFPT. 6 6 5 0 5  * .FXEM. 6 6 5 0 7  .FXEU 66507 8 .ETAG 6 6 7 3 6  8 .FMZRT 6 7 0 5 2  8 
. :SOT9 6 7 0 6 5  8 .FXOUT 6 7 0 7 1  * .FXARG 6 7 1 0 1  8 . E X I T .  6 7 1 0 5  8 E X I T  6 7 1 0 5  8 
.JVCHK 67112 * OVFLOW 6 7 1 1 3  8 SVSONE 6 7 1 4 0  .NOP 6 7 1 4 1  - 4 L A N K  6 7 1 5 4

12. .FRAS. 6 7 1 7 1  E . l  6 7 1 7 1  E.2 5 7 1 7 2  E.3 6 7 1 7 3  E.4 6 7 1 7 4  
13. .xcc. 6 7 1 7 5  CZ.1 6 7 1 7 5  CC.2 6 7 1 7 6  CC.3 6 7 1 7 7  CC.4 6 7 2 0 0  
14. 	 FCNV 6 7 2 0 1  .F:ON. 6 7 2 0 1  .OOPRE 5 7 2 1 1  8 .FCNV. 6 7 2 1 7  .ENOFS 6 7 2 3 0  .:NVSY 6 7 2 3 2  

. F 3 X 1  6 7 2 3 6  .FDXZ 6 7 2 3 7  .OBC 6 7 2 4 1  .DBC14  6 7 3 0 4  8 .STOP4 6 7 3 0 7  
.OBCZO 6 7 3 2 3  .OBClO 6 7 3 3 7  - 0 B C 9 9  6 7 3 5 2  8 .I)OSW 6 7 3 7 5  8 .F I XSW 6 7 4 0 4  
.JXPSE 6 7 4 2 0  * .OOZET $ 7 5 2 5  . I C 1 0  6 7 5 6 6  * .STOPJ 6 7 6 0 3  8 .FZOUT 6 7 6 1 3  8 
.FCAR3 
.&OUT 6 7 7 6 4  .OOUT 6 7 7 7 6  .LOUT 7 0 0 2 5  .GOUT 7 0 0 3 5  .TGOUT 70044 * 
.FL r 701 44 . F X F L I  7 0 3 0 1  . F X O  7 0 3 0 5  .FXFLZ 7 0 3 1 1  .FXFL3  7 0 3 1 5  
. l N T $  7 0 3 2 1  . T O P A C  7 0 3 3 7  . Y I O r H  7 0 3 4 3  .FPACK 7 0 3 5 0  .TEST 7 0 3 5 1  
. 33SF 7 0 4 0 2  8 .KOUNT 70403 . L I S T  7 0 4 0 6  .OONE 7 0 4 1 5  .OUTBF 7 0 5 5 1  
.:H4R 7 1 0 0 3  - 0 E X P  7 1 0 1 2  8 .TEN 7 1 0 1 6  .FBOBF 7 1 0 2 0  - 0 4 T U R  7 1 0 2 6  8 
.WORD 7 1 0 4 1  .MOO 7 1 0 4 2  .PEX 7 1 0 4 3  .FFXP 7 1 0 4 4  .D IG  71045 

6 7 6 2 1  .ALCOD 6 7 6 2 3  8 .ANP l  6 7 6 3 4  .ONPT 6 7 6 5 1  .LNTP 6 7 7 2 5  

15 .  	 F I O H  7 1 0 6 0  .FIOH. 7 1 0 6 0  . D O 1 0  7 1 1 0 5  * .DOLET 7 1 2 4 3  8 . O C P T l  7 1 4 4 6  8 .FXPT 7 1 6 4 4  8 
. F F I L .  7 1 6 7 5  . D O F I N  7 1 7 1 3  .FRTN. 7 1 7 2 2  .OORTN 7 1 7 2 6  * 

16.  F I O S .  7 2 0 3 0  ..FIOS 7 2 0 3 0  .FCLS 7 2 0 5 2  . . F l o c  72077 -.FSEL 7 2 1 2 0  ..FSZK 72137 8 
..FTZK 7 2 1 4 1  . I O F F  7 2 2 2 5  8 . .XEM 72273 * ..FCHK 7 7 2 5 0  8 

1 r .  F R O U .  f L j 5 . 3  ..FRDD 7 2 3 5 3  
18. FWRO. 7 2 4 0 0  ..FUR3 7 2 4 0 0  
19. FBCO. 7 2 4 2 6  ..FRZJ 72426 ..FRCY 7 2 4 3 0  ..F@CB 7 2 4 4 1  
20. U N I T 0 6  72471 -.UNO6 72471 
21. UNO5 7 2 4 7 2  .UN05. 72472 
22 .  UNO6 7 7 4 7 3  .UNO6. 7 2 4 7 3  
23. FPUN 7 2 4 7 4  .FPUN. 7 2 4 7 4  
24 .  F L J G  7 2 5 3 1  4 L O G 1 0  7 2 5 3 1  8 ALOG 7 2 5 3 2  
2 5 .  F X P F  72 7 0 6  E K P  7 2 7 0 6  
26. .IO�. 7 3 0 1 1  
27. -1OE56 7 3 0 2 3  
28 .  .RWOOE 7 3 0 3 1  
29 .  .RCREA 7 3 0 5 1  8 C R E L J  7 3 0 5 1  BCREAO 1 7 3 0 5 1 1  
30. .ECRU0 7 3 1 3 1  ..BCRJ 7 3 1 3 1  ..BCWO 7 3 1 3 3  8 ..BROB 7 3 1 4 5  
31.  F X P 2  7 3 2 0 3  .XP2- .73203 
32. P l S T U G  73 2 7 6  1 J i l L O  1 7 3 2 7 7  P l S T U G  I 7 3 2 7 6 1  
33.  PLOTXY 7 4 1 0 2  1 J O L O  1 1 7 3 2 7 7 1  PLOTXY 1741021 
34. KHAR 7 5 7 6 1  K Y 4 R  I 7 5 7 6 1 1  
35. .LOGE. 7 6 0 3 3  .LOGER 7 6 0 3 3  
36. .TLEX. 7 6 0 4 1  .TLEXP 7 6 0 4 1  
37. .XFXP. 76045 .YGDEF 7 6 0 4 5  .XEXP 7 6 0 5 1  8 .ZUOEF 7 6 0 5 4  

UNUSED CORE 7 6 0 5 7  THRU 7 7 7 7 7  

B E G I N  EXECUTION. 
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VULCAY f E S T  PROBLEM FROM Y A P D - T K - 9 5  I Y A P D - T M - 2 2 1 1  I C A N D L E I  REF 9 

NG NFG N I S O T  NMAT N T I N C  NFRACT KCELL 
2 1 1 8  3 2 3 2 2  

NLONR NRM MJRDUT NUF 
6 14 2 0 

NSPMAT N B P O I  N F I S  N V D M C  NONDPL N F I R P T  
1 2 4 5 2 2 

KGEO K F L U X  KSSF K H A I N  KFAST KFORM 
1 2 1 0 0 1 

POUER F I R S T  SECOND T I M E  XENON I O O I N E  
I N  0 ISTANCE D I S T A N C E  INCREMENT REMOVAL REMOVAL D I F F E I  

M A T T S  I C M )  I C M I  I H O U R S I  P R O B A B I L I T Y  P R O B A @ I L I T Y  
- 6 4 9 5 3 E  04 1.00000 1.00000 5 0 . 5 0  -0. -0. -0. 

SEQUENT I M VULCAN NRPT I SOTOPE 
IO I D  L 4 B E L  

1 23 -0 HYD 
2 2 4  -0 OXY 
3 5 Y -0 U - 2 3 5  
4 7 v -0 U - 2 3 8  
5 6 -0 U-236 
6 17 -0  P M 1 4 9  
7 16 -0 1-135 
8 1 5  -0 S M 1 4 9  
9 1 4  -0 X E 1 3 5  

10 13 - 0  F P 2  
1 1  2 1  1 5  2 N 0 2 5  
1 2  19 -0 910 1 
1 3  2 0  - 0  810 2 
1 4  9 Y - 0  P U 2 3 9  
1 5  10 -0 P U 2 4 0  
16 11 v -0 P U 2 4 1  
17  18 -0 SPMAT 
18 2 2  15  XF I S2 

N M I R I  I I R A R I I I  MIDRZI 11-MAP 

1 2.5400 1 
1 7.6200 1 
1 12.7000 2 
4 3 5 . 9 0 0 0  2 2 2 2 
1 38.1000 2 
6 68.1000 3 3 3 3 3 3 

MESH VOLUMES 

D . 2 5 4 0 0 0 E  01  0 . 5 0 8 0 0 0 E  01 0 . 5 0 8 0 0 0 E  01 0 . 5 8 0 0 0 0 E  01  0 . 5 8 0 3 0 0 E  0 1  0.580000E 01 0 . 5 8 0 0 0 0 E  01  O.22OOOOE 01 
D.5D0000E 01 0 - 5 0 0 0 0 0 E  01 0 . 5 0 0 0 0 0 E  01 0.50D300E 01  0.500OOOE 3 1  0 - 5 0 0 0 0 0 E  01 0.681OOOF 0 2  

ZONE VOLUMES 

O . 2 5 4 0 0 0 E  01 0.5CBOOOE 01 0.508000E 01 0 . 2 3 2 0 0 3 F  0 2  0 . 2 2 0 0 0 0 E  01  0-300000E 02 

F I S S I O N  Y I E L D  Y I E L D  Y I E L D  YIE.LO Y I E L D  Y I F L O  Y I E L D  Y I E L D  Y I E L D  Y I E L D  
PRODUCT FROM 5 FROU 7 FROM 9 FROM 11 FROM 

IU - 2 3 5 )  Iu- 238 I l P U 2 3 9 1  I P U 2 4 1 1  I 

17 l P M 1 4 9 1  0 . 0 1 4 0 0  0 . 0 1 4 0 0  0 . 0 1 4 0 0  0 . 0 1 4 0 0  

1 6  11-135) 0 . 0 6 0 0 0  0 . 0 6 0 0 0  0.06000 0.05000 

15 I S M 1 4 9 1  0. 0. 0. 0. 

14 l X E 1 3 5 l  0.0030C 0.00300 0.00300 c.00300 

13 l F P 2  I 1. coooo 1.00000 1.0@000 1.00000 

18 I S P M A T I  0. 0. 0. 0. 

GROUP 	 NU FOR NU FOR NU FOR NU FOR NU FOR hU FCR NU FOR NJ FOR NU FOR NU FOR NU FOR NU FOR 
V I 0  1 V I 0  2 V I 3  3 V I 3  4 V I 0  5 V I D  6 V I D  7 V I 0  8 V I 0  9 V I 0  10 V I 0  1 1  V I 3  1 2  

1 0. 0. 0. 0. 1.000 1.000 1.000 0. 1.000 1.000 1.000 0. 
1 2.600 0. 2 . 5 0 3  0. 2.460 0. 2 . 6 0 0  0 - 2.880 0. 3.000 0. 

18 




SEQlJENTI4L  10 = 1 VULCPN I D  = 23 

4BSORPTIOY BY GROUP I H l G H  TO LOU1 
0 . 4 4 4 O O O E - 0 2  0 . 2 1 5 1 0 o E  00 

S E Q U E N T I b L  I C  = 2 VULC4N I D  - 2 4  

ABSORPTIOY By GROW (HIGH TO LOU) 
0.1400OOE-01 - 0 .  

S E W E N T l 4 L  10 = 3 V U L C I N  I D  = 

4BSORPTIOY BY GRJW ( H I G H  TO L D U I  
0 . 1 1 9 4 1 6 E  0 2  0.4102DOE 03 

N U * F I S S I O N  BY GROUP (HIGH TO L D U I  
0 . 8 0 2 2 4 0 E  01 0 . 8 7 2 3 2 0 E  03 

F I S S I O N  R Y  GROUP [ H I G H  TO LOU1 
0 . 8 R 2 2 4 0 E  01  0.3546CZE 0 3  

S E Q U E N T I b L  IC = 4 VULC4N I D  = 

4BSORPTIOY BY GRDUP (H IGH TO LOU1 
0 . 3 6 4 5 7 0 8  00 0 . 1 7 9 0 0 0 E  01 

N U * F I S S I O N  B Y  GROUP ( H I G H  TO L O U 1  
0 . 1 2 4 9 8 0 E  00 0 .  

FISSIDY R Y  GROUP ( H I G H  TO LOU1 
0 . 1 2 4 9 8 0 E  OC 0. 

S E Q U E N T I A L  I O  = 5 V U L C I N  I O  = 

ABSORPTION BY GROUP (H IGH T O  LOU1 
0. 0 , 3 9 0 0 0 0 E  01 

N U * F I S S l O N  B Y  GROUP I H I G H  TO LOW1 

5 

7 

6 

0. 	 0. 
FISSION B Y  a n u p  ( H I G H  TO 

0. 0 .  

S E Q U E N T I d L  10 = b VULC4U 

ABSORPTIOV RY Q73W ( H I G H  
0. 0. 

S E Q U E N T l b L  I C  = 7 V U L C I Y  

ABSORPTIOV BY GROUP ( H I G H  
0. 0. 

S E Q U E N T I A L  I D  = R VULC4N 

4BSORPTlOY BY GROUP I H I G H  
0. 0 . 5 0 0 0 0 0 E  05  

S E Q U E N T I 4 L  I C  = 9 VULCAY 

4BSORPTlOY BY GROUP I H I G H  
0. C.270000E 0 7  

S E Q U E N T I A L  I O  = 10 VULC4hl 

4BSORPTIOV BY G R Q W  I H I G H  
0. 0 . 6 5 0 0 0 0 E  0 2  

S E W E N T l 4 L  10 = 11 VtJLC4V 

~ R C ~ R P T I ~ U  r a n u p  IHIGH... . .- -RV - - . 

LOUI 

ID = 1 7  

TO LOU)  

I D  = 16 

TO LOU1 

I D  = 15 

T O  LOU1 

I O  = 1 4  

T O  LOU1 

I O  = 1 3  

TO LOU1 

I O  = 

T O  LOWI 
0 . 1 2 1 8 O l E  0 2  0.418200E j 03 

N U * F I S S I O N  R Y  GROUP ( H I (  i H  TO L D U I  
0 . 9 0 3 7 7 7 E  0 1  0 . 8 7 2 3 2 6  : 03 

F I S S I O N  B Y  GQOUP I H I G F4 TO LOU1 
0 . 9 0 3 7 7 7 E  Cl 0.354hOZF 03 

S E W E N T I 4 L  I O  = I2 VULC4Y I D  = 

21 

19 

ARSORPTION BY GROUP (HIGH T O  LOU1 
0 d 6 0 0 0 0 0 E  0 2  0 . 2 4 7 0 0 0 E  04 

S E Q U E N T I d L  I O  = 13 VULC4N I D  = 2 0  

4BSORPTlON BY GROW ( H I G H  TO LOU1 
0 . 6 0 0 0 0 0 E  0 2  0 . 2 4 7 0 0 0 E  0 4  

S E O U E N T I 4 L  IO - 14 VULC4N I D  - 9 

~BSORPTIOY By GROUP (HIGH T O  LOUI 
0. 0 . 9 8 7 0 0 0 E  03  

N U * F I S S I O N  B Y  GROUP I H I G H  TO LOU1 
0. 	 0 . 1 0 7 4 9 0 E  04 

FISSION By G X O W  (HIGH TO LOU) 
0. C.651007E 03 
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S E W E N T I A L  I O  = 15 VULCAN I O  10 

A8SORPTIOY BY GRJW ( H I G H  TO LOW1 
0. 0.373000E 03 

N U * F I S S I O N  BY GROUP ( H I G H  TO LOU1 
0. 	 n. 

F. tSSION R Y  GROUP ( H I G H  TO LOW) 
0. 0. 


SEQUENTIAL  I O  = 16 VULCAN I O  = 11 

ABSORPTION BY GROUP ( H I G H  TO LOW1 
0. 0.108OOOE 04 

N U * F I S S I O N  B Y  GROUP (HIGH TO LOW) 
0 .  	 0.2415CoE 04 

F I S S I O N  B Y  G7OUP ( H I G H  TO LOU1 
0. O.805000E 03 

SEQUENTIAL  I O  = 17 VULCAY I O  = 18 

ARSORPTlOY BY GROUP ( H I G H  TO LOU) 
0 . 6 0 0 0 0 0 E  02  0 . 2 4 7 0 0 0 E  04 

SEQUENTIAL  I O  = 1 R  VULCAN I O  = 22 

ABSORPTIOY BY GROUP [ H I G H  TO LOW) 
0 .119416E 02 0 .418200E 0 3  

N U * F I S S I O N  B Y  GROUP ( H I G H  TO LOU1 
-0. -0. 

F I S S I O N  BY GROUP ( H I G H  13 LOU1 
-0.  -0. 

VULCAN ISOTOPE MA T E Q  14 L MATER1 4 L  
I O  LABEL 1 2 

23 HYO 0 .27380E-01  0 . 2 3 6 4 3 E - 0 1  

24 O X Y  0 .13690E-01  0.2 5 4 6 4 E - 0 1  

5 U - 2 3 5  C.14185E-03 0. 

7 U- 238 C. 0 .67710E-02  

6 U - 2 3 6  0. 0. 

17 PM 149 0. 0. 

16 I- 135 0. 0. 

15 SM 149 0. 0. 

14 X E 1 3 5  0. 0. 

1 3  FP 2 0. 0. 

2 1  2N C25 C. 0 . 4 9 1 5 0 E - 0 4  

19 R l C  1 C.10000E-02 0. 

20 8 1 0  2 0 .10000E-02  0. 

9 P U 2 3 9  0. 0. 

10 P U Z ~ O  0. 0. 

11 P U 2 4 1  E. 0. 

18 s p n a i  C.10000E-02 0. 

2 2  X F  IS2 0.141B5E-03 0. 

M A T E R I A L  M A T E R I A L  M A T E R I A L  M A T E R I A L  M A T E R I A L  
3 0 0 0 0 

0.517 1 4 s - 3  1 

0 . 2 5 8 5 7 F - 0 1  

0. 

0. 

0. 

0. 

0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 

0. 


0. 


0. 




FLUXES BY GROUP 4ND MESH P O I N T  
FOR THE BASIC C E L L  

CRnllD I 
O I 1 0 & 3 l E  01 C.9227C lE  00 0 . 7 3 5 1 1 5 E  00 0 . 5 2 8 0 6 3 E  00 0 . 3 6 9 3 0 9 E  00 0 . 2 5 2 4 6 6 E  CO 0 .161320E @ O  0 . 1 0 3 6 5 1 E  00 
0 - 6 4 6 4 8 1 E - 0  1 0 . 3 1 4 3 3 3 E - 0 1  0 . 1 5 2 2 5 7 E - 0 1  0 . 7 2 5 6 1 5  E - 0 2  0.32 126DE-3  2 0 . 9 0 7 2 4 0 E - 0 3  

GROUP 2 
0 . 2 6 8 3 7 4 E  OC 0 .2636F3E 00 0 . 2 4 6 1 5 5 E  00 0 . 2 0 2 4 8 3 E  00 0 - 1 4 7 5 2 7 E  00 0 . 1 0 4 3 C B F  00 0.8014RRE-01 0 . B 3 0 4 8 5 E - 0 1  
0 . 9 6 6 3 6 0 E - 0 1  0 . 8 5 5 9 6 0 E - 0 1  0 . 5 5 6 3 0 3 E - 0 1  0 - 3 1 5 0 6 3 E - 0 1  0 . 1 5 4 5 9 4 E - 0 1  3 - 4 5 R 7 6 2 E - 0 2  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FOR THE START OF T I M E  I N T E R V A L  NUMBER 1 OF 2 

FLUX NORM41 I 2 4 T I O N  F4CTOR 0 . 9 9 9 7 3 % - 0 9  CONVERTS T C  4BSOLUTE FLIJX I N  NEUTRONS/8ARN*SEC 
FOR 4 POWER L E V E L  OF 0 . 6 4 9 5 3 3 E  04 W4TTS 

CFLL NUMBER 1 OF 2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
THE POWER FOR E4CH CORE R E 5 1 0 Y  
0 . 1 2 5 0 0 0 E  0 1  0 . 1 2 5 0 0 0 E  01 

THESE ARE THE R 4 0 1 4 L  POUER F 4 Z T O R S  
O.1OOOOOE 01 0.100000E 01 

THE POWER FACTOR FOR T H I S  CELL I S  1.0000000 
FLUXES BY GROUP 4NO MESH P O I N T  

FOR CELL  YUMEER 1 
GROUP 1 

0 . 2 6 8 3 0 4 E - 0 9  0 . 2 6 3 6 1 4 E - 0 9  0 . 2 4 6 0 9 0 E - 0 9  0 . 2 0 2 4 3 0 E - 0 9  0 . 1 4 7 4 8 8 E - 0 9  0 . 1 0 4 2 8 1 E - 0 9  0 . 8 0 1 2 7 8 E - 1 0  0 . 8 3 0 2 6 7 E - 1 0  
0 . 9 6 6 1 0 7 E - 1 0  0 . 8 5 5 7 3 6 E - 1 0  0 . 5 5 6 1 5 7 E - 1 0  0 . 3 1 C 9 8 5 E - 1 0  0 . 1 5 4 5 5 3 E - 1 0  @ . 4 5 8 6 4 2 E - 1 1  

S R F - S H I R O I N G  F4CTORS USE3 4RE (HIGH TO LOU ENERGY1 

VULCAN IO = 5 1.000000 L.000000 

VULC4N IO * 1 9  0 . 9 9 0 0 0 0  0.800000 

VULC4N I D  = 20 C.990000  0.800000 
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** *+ ** # # ** u ** *8 ** UESH I N T E R V A L  

F I S S I O N  PRODUCT CONCENTRdTIONS A T  VARIOUS 

F R A C T I O N  X E 1 3 5  S U 1 4 9  
0.01 0 . 7 0 2 1 4 8 E - 1 0  0 - 1 2 6 0 7 4 E - 1 1  
0.10 0 . 5 0 5 5 8 8 E - 0 9  0 . 1 1 5 0 0 1 E - 0 9  
0-50 0 . 1 1 4 1 4 2 E - 0 8  0 - 1 9 5 7 2 0 E - 0 8  

E Q U I L I B R I U U  0 . 1 2 3 2 8 6 E - 0 8  0 . 1 5 2 2 5 2 E - 0 7  

TIWE A F T W  SHUTDOWN U N T I L  U d X I N J U  XENON 

** ** ** ** ** ** ** ** ** **
NUMBER 1 

F R A C T I O N S  OF THE T I M E  STEP 

I 135 PI4149 
0 . 1 5 3 5 4 9 E - 3 8  0 . 3 6 6 3 7 6 E - 0 9  
C. 1 2 2 9 5 3 E - 0 7  0 . 3 5 5 1 9 8 E - 0 8  
0 . 2 8 1 1 8 5 E - 0 7  0 . 1 5 5 3 5 7 E - 0 7  
0 . 3 0 3 9 4 1 E - 0 7  0 . 5 3 0 5 1 6 E - 0 7  

CONCENTRATION IS REACHED = 10.83 HOURS 

PO I SOY 
FACTOR 

0 . 4 9 4 0 3 2 E - 0 1  
0 . 5 5 8 5 0 4 E - 0 2  
0 - 4 9 9 9 5 2 E  00 
0. 
0 . 1 5 4 8 5 3 E - 0 4  
0. 
0. 

0 . 1 9 8 3 C 3 E - 0 2  

0 . 2 5 7 7 6 6 E - 0 1  

0 . 1 3 2 7 1 0 E - 0 2  

0. 

0.153938E 0 2  

0 - 1 5 3 9 3 8 E  0 2  

0. 
0. 
0. 

0 . 1 8 4 2 1 9 E  02 

0 . 4 9 9 9 4 2 E  00 


T H E  X E N 3 N - 1 3 5  CONCENTR4TION ( P E A K )  AT T H I S  T I M E  IS 0 . 1 3 4 9 1 9 E - 0 7  

ISOTOPE N I T )  N I T t 1 1  
DESCR. 

W O  - 1 0 . 2 7 3 8 0 0 F - 0 1  0 . 2 7 3 8 0 0 E - 0 1  
OXY - 2 0 . 1 3 6 9 0 0 E - 0 1  0 . 1 3 6 9 0 0 E - 0 1  
U - 2 3 5 - 3 0 . 1 4 1 8 5 0 E - 0 3  0 . 1 3 8 7 1 4 E - 0 3  
U - 2 3 8 - 4 0. 0. 
U - 2 3 6 - 5 0. 0 . 5 0 9 9 0 4 E - 0 6  
P U 1 4 9 - 6 0. 0 . 2 6 5 2 1  9 E - 0 7  
1-135- 7 0. 0 . 3 0 2 2 3 8 E - 0 7  
3 4 1 4 9 - 8 0. 0 . 5 0 9 4 7 4 E - O R  
X E 1 3 5 - 9 0. 0 . 1 2 2 6 0 1 E - 0 8  
F P 2  - 1 0  0. 0 . 2 6 2 1  9 3 E - 0 5  
m D 2 5 - 1 1  0. 0. 
810 1-12 0.100000E-02 0 . 8 9 9 2 7 6 E - 0 3  
810 2 - 1 3  0 . 1 0 0 0 0 0 E - 0 2  0 . 8 9 9 2 7 6 E - 0 3  
P U Z 3 9 - 1 4  0. 0. 
PU 2 4 0 - 15 0. 0. 
P U 2 4 1 - 1 6  0. 0. 
SPHAT-17 0.100000E-02 0 . 8 7 7 9 8 0 E - 0 3  
XF 1 5 2 - 1 8  0 . 1 4 1 8 5 0 E - 0 3  0 . 1 3 8 7 1 4 E - 0 3  

POWER 
F R A C T I O N  

0 . 1 0 0 3 0 0 E  0 1  0. 
0 . 1 0 0 0 0 0 E  0 1  0. 
0 . 9 7 7 8 9 2 E  00 0.1 LOOOOOE 01 
0. 0. 
0. 0. 
0.  0. 
0. 0. 

0. 0. 

0. 0. 

0. 0. 

0. 0. 
0 . 8 9 9 2 7 6 E  03 0. 
0 . 8 9 9 2 7 5 E  03 0. 
0. 0. 
0. 0. 
0. 0. 
0 . 8 7 7 9 8 0 E  00 0. 
0 . 9 7 7 R 9 2 E  00 -0. 

F R A C T I O N S  OF THE T I M E  STEP 

I 1 3 5  P U 1 4 9  
0 . 1 5 0 0 7 0 E - 0 8  0 . 3 5 8 0 7 6 E - 0 9  
0 . 1 2 0 1 6 7 E - 0 7  0 . 3 4 7 1 5 O E - 0 8  

F I S S I O N  PRODUCT CONCENTR4TIONS AT VARIOUS 

F R b C T I O N  X F 1 3 5  5 1 1 4 9  
0.01 O . 6 9 1 6 5 2 E - 1 0  0 . 1 2 3 2 3 7 E - 1 1  
0.10 C . 5 0 2 1 6 8 E - 0 9  O . l l 2 5 4 8 E - C 9  
0 .50  0.11 3 4 7 7 E - 0 8  0 . 1 9 2 4 2 0 E - C8 

EQU I L  I BIZ I UU 0 . 1 2 2 5 7 4 E - 0 8  0 . 1 5 I 4 5 0 E - C T  

T l Y E  4 F T W  SHUTDOWN U N T I L  U4XIMUM XENON 

0 . 2 7 4 5  15  E - 3 7  0.151 8 3 7 E - C 7  
0 . 2 9 7 0 5 5 E - @ 7  0.5 1 8 4 9 6 F - 0 7  

CONCENTRATION IS REACHED 10.83 HOURS 
THF XENON-13 5 CONCEWRA T I  ON IPEAK1 AT T H I S  TIME I S  0 . 1 3 1 9 5 4 E - 0 7  

I S O T O P E  N I T 1  N I T + 1 1  
OESCR. 

W O  - 1 0 . 2 1 3 8 0 0 E - 0 1 0 . 2 7 3 8 0 0 E - 0 1  

POY ER P O I  SON 
F R A C T I O N  FACTOR 

0. 0 . 4 9 4 5  7 3 F - 0 1  
OXY - 2 0 . 1 3 6 9 C O E - 0 1  0 . 1 3 6 9 0 0 E - 0 1  0. 0 . 5 2 5 2 6 5 E - 0 2  
U-235- 3 0 . 1 4 1 8 5 0 E - 0 3  0 . 1 3 8 7 8 7 E - 0 3  3 .10000OE 01 0 . 4 9 9 9 5 2 E  00 
U - 2 3 8 - 4 0. 0. 0. 0. 
U - 2 3 6  5 0. 0 . 4 9 6 0 7 8 E - 0 6  0. 0 . 1 5 1 5 2 4 E - 0 4  
PU149- 6 0. 0.2 5 9 2 1 0 E - 0 7  0. 0. 
1-135- 7 0. 0 . 2 9 5 3 9 0 E - 0 7  0. 0. 
94149- 8 0. 0 . 5 0 2 9 0 7 E - 0 8  0. 0 . 1 9 6 9 3 6 E - 0 2  
X E 1 3 5 - 9 0. 0 . 1 2 1 8 9 3 E - 0 8  0. 0 . 2 5 7 7 5 7 E - 0 1  
F P 2  -10 0. 0.2 S 6 2 6 0 E - 0 5  0. 0 . 1 3 0 4 5 5 E - 0 2  
aYOZ5-11  0. 0. 0. 0. 
810 1 - 1 2  0 . 1 0 0 0 0 0 E - 0 2  0.901 5 6 3 E - 0 3  0. 0.154201E 02 
810 2 - 1 3  0 . 1 0 0 0 0 0 E - 0 2  0.901 5 6 3 F - 0 3  0. 0 . 1 5 4 2 0 1 E  02 
PU 2 39- 14 0. 0. 0. 0. 
PU 240- 15 0 .  0. 0. 0. 
PU 2 4 1 - 1 6  0. 0. 0. 0. 
S P N I T - I 7  0. J O O O O O E - 0 2  0 . 8 8 0 5 8 8 E - 0 3  0. 0.184828E 02  
XF 1 5 2 - 1 8  0.141 8 5 0 E - 0 3  0 . 1 3 8 7 8 7 E - 0 3  -0. 0 . 4 9 9 9 5 Z E  00 

N I T + l ) I N I T I  

0 . 1 0 0 0 0 3 E  01 
0 . 1 0 0 0 0 0 E  01  
0 . 9 7 8 4 0 9 E  00 
0. 
0. 
0. 

0. 

0. 

0. 
0. 
0. 

0 . 9 0 1 5 6 3 E  03 

0 . 9 3 1 5 6 3 E  00 

0. 
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F I S S I O N  PROOUCT CONCENTRATIONS A T  VARIOUS FRACTIONS OF THE T I M E  STEP 

FRACTION X E 1 3 5  9 1 4 9  I 1 3 5  PM149  
0.01 0 . 2 6 2 3 4 6 E - 1 0  0 . 4 5 4 0 0 1 E - 1 2  0 . 5 5 2 5  8 2 E - 0 9  0 . 1 3 l E 4 9 E - 0 9  
0.10 0 . 1 9 6 8 6 2 E - 0 9  0 . 4 1 6 5 3 5 E - 1 0  0 . 4 4 2 4 7 5 E - 0 8  0 . 1 2 7 8 2 6 E - 0 8  
0.50 0 . 4 4 6 5 7 6 E - 0 9  0 . 7 2 4 4 9 5 E - 0 9  0 . 1 0 1 1 9 1 E - 0 7  0.5590E9E-OR 

ECU I L  IBRIUM 0 . 4 8 2 4 8 8 E - 0 9  0 . 5 9 7 3 7 2  E - 0 8  0 . 1 0 9 3 f l l E - 0 7  0 . 1 9 0 9 1 9 E - 0 7  

T I M E  AFTER SHUTDOUN U N T I L  M4XIWUM XENON CONCENTRATION I S  REACHED = 10.80 HOURS 
THE X E N 1 N - 1 3 5  CONCENTRATION I P E A K I  AT T H I S  T I M E  I S  0 . 4 8 7 2 4 7 E - 0 8  

ISOTOP E N I T 1  N I T + l l  N l  T+11  I N I T )  PDUER PO ISON 
OESCR. 

WO - I 
OXY - 2 

0 - 2 3 6 4 3 0 E - 01 
0 . 2 5 4 6 4 0 E - 0 1  

0 . 2 3 6 4 3 0 E - 0 1  
0 . 2 5 4 6 4 0 E - 0 1  

0.100000E 01 
0.100OOOE 0 1  

FRACTION 
0. 
0. 

FACTOR 
0 . 1 2 8 2 0 1 E  00 
0.2 5 2 7  97E- 0I 

U-235- 3 0. 0. 0. 3. 0. 
U - 2 3 8 - 4 0.6 7 7 10 OE- 02 0 . 6 7 7 0 1 4 E - 0 2  0 . 9 9 9 8 7 2 E  00 0 - 1 1 8 1 5 O E  00 0 . 4 6 2 7 7 7 E  00 
U - 2 3 6 - 5 0. 0. 0. 0. 0. 
PY149- 6 0. 0 . 9 5 4 4 5 4 E - C 8  0. 0. 0. 
I - 1 3 5 - 7 0. 0 . 1 0 8 7 6 7 E - 0 7  0. 0. _ _  
SM 149- 8 0. 0 . 1 9 2 3 0 6 E - O B  0. 0. 0 . 2 2 8 3 1 4 E - 0 2  
XE135- 9 0 .  0 . 4 7 9 7 9 9 F - 0 9  0. 0. 0 . 3 0 7 6 0 5 E - 0 1  
F P 2  -10 0. 0 . 9 4 3 6 8 8 E - 0 6  0. 0. 0.145650E-02 
MI025- 1I 0 . 4 9 1 5 O O E - 0 4  0.4 8 1 7  02E -04 0 . 9 8 0 3 5 5 E  D 3  3 . 8 5 9 4 6 4 6  00 0 .519940E 00 
810 1-12 0. 0. 0. 0. 0. 
E 1 0  2 - 1 3  0. 0. 0. 0. 0. 
PU 239- 14 0. 0 . 7 3 5 3 5 5 E - 0 6  0. 0.223838E-01 0 . 1 7 2 3 3 9 E - 0 1  
PU 240- 1 5  0. 0 . 5 4 2  7 3 9 E - 0 8  0. 0. 0 . 4 8 0 6 9 6 E - 0 4  
PU 2 4 1 - 16 0. 0 . 4 3 1 8 3 3 E - L O  0. O . l b 4 7 9 9 E - 0 5  0 .1122EOE-05  
SPMAT-17 n. 0. 0. 0. 0. 
XF 1S2- 18 0. 0. 0. -0. 0. 

n. 

F I S S I O N  PROOUCT CONCENTRATIONS AT VARIOUS FRACTICNS OF THE T I M E  STEP 

FRACTION X E 1 3 5  FM149  r 1 7 5  P M l 4 9  

T I Y E  AFTER SHUTDOUN U N T I L  MAXIMUM XENON CONCFNTRATION I S  REACHED = 1 0 . 7 1  HOURS 
THE X E N 3 N - 1 3 5  CONCENTRATION ( P E A K 1  AT T H I S  T IME I S  0 . 3 9 4 9 3 8 E - O R  

ISOTOPE N I T 1  N l T + l I  N I  T + l  I I N 1  T I  POYER POISON 
OESCR. FRACT 1 0 N  FACTOR 

HI0 - 1 0 .23  6 4 3 0 E - 01 0 . 2 3 6 4 3 0 E - 0 1  o.ioo3noE 01 0. 0 . 1 3 1 0 6 5 E  00 
O X Y  - 2 0 .25464OE- 01 0 . 2 5 4 6 4 O F - 0 1  0 . 1 0 0 0 0 0 E  0 1  0. 0 . 2 2 7 3 6 7 E - 0  I 
U-235- 3 0. 0. 0. 0. 0. 
U - 2 3 8 - 4 0 . 6 7 7 1 0 0 E - . 0 2  0 . 6 7 7 0 3 2 E - 0 2  0 . 9 9 9 9 0 0 ~  00 0 . 4 5 3 7 5 1 E  00 
U-236- 5 0. 0. 0. 0. 
PM149- 6 0. 0. 7 6 6 6 6 8 E - 0 8  0. 0. 
1 -135- 7 0. 0 . 8 7 3 6 7 8 F - 0 8  0. 0. 
9 4 1 4 9 - 8 0. 0 . 1 7 0 4 b O F - 0 8  0. 0 . 2 0 8 4 3 2 E - 0 2  
XE135- 9 0.. 0.46541 1 E - 0 9  0. 0 . 3 0 7 3 0 6 E - 0 1  
FP2 -10 0. 0 . 7 5 8 2 1 5 E - 0 6  0. 0. 0 . 1 2 0 5 2 5 E - 0 2  
2N 0 2  5- 11 0 . 4 9 1  5 0 0 E - 04 0 . 4 8 3 5 0 7 E - 0 4  0 . 9 8 3 7 3 8 E  03 0 . 8 7 6 0 2 2 E  00 0 . 5 3 2 0 5 1 E  00 
E 1 0  1 - 1 2  0. 0. 0. 0. 0. 
E 1 0  2 - 1 3  0. 0. 0. 0. 0. 
PU239- 14 0. 0 .585230E-Ob 0. 0 . 1 8 2 5 3 1 E - 0 1  0 . 1 4 1 2 5 9 E - 0 1  
P U 2 4 0 - 1 5  0. 0 . 3 5 5 8 2 2 E - 0 8  0. 0. 0 . 3 2 4 5 7 3 E - 0 4  
P U 2 4 1 - 1 6  0. 0 . 2 3 7 1 0 1 E - 1 0  0. 0 . 9 1 4 4 3 4 E - 0 6  0 . 6 2 6 2 2 2 E - 0 6  
SPRAT- 1 7  0. 0. 0. 0. 0. 
XF 1 S 2 - 1 8  0. 0. 0. -0 * 0. 
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F I S S I O N  PRODUCT CONCENTR4TIONS AT VARIOUS F R A C T I O N S  OF THE T I M E  STEP 

F P ACT 1nN X F l l S  < M I  49 I 135 P M l 4 9  
0.01 0 . 1 8 1 8 ~ 6 ~ -i o  0 . 2 6 4 6 3 6 ~ - 1 2  0 . 3 z i i i i E - 0 9  0 . 7 6 6 2 i d ~ - 1 0  
0.10 0 . 1 7 9 2 7 2 E - 0 9  0 .2491 5 8 E - I O  0 .2571 3 9 E - 0 8  0 . 7 4 2 8 4 7 E - 0 9  
0.50 0 . 4 2 3 3 1 5 F - 0 9  0.480016E-09 0.5R3360F-OB 0 . 3 2 4 9 0 8 E - 0 8  

EPU I L  I BR I U M  0-4 5 8 4 1 3 E - 0 9  0.5 7 9 2 4 3 E - 0 8  0 . 6 3 5 6 5 2 E - 0 8  0 . 1 1 0 9 5 0 E - 0 7  

T l M E  A F T W  SHUTOOYN U N T I L  MAXIMUM XENON CONCENTRATION IS REACHED = 10.53  HOURS 
THE XENON-135 CONCENTR4TION (PEAK: )  AT T H I S  T I M E  I S  0.291075E-OR 

ISOTOPE N I T 1  N I T I I I  N l  T + l  I I N 1T I PO* ER POISON 
OESCY. F R A C T I O N  FACTOR 

Hyo - 1 
OXY - 2 

0 . 2 3 6 4 3 0 E - 01 
0 . 2 5 4 6 4 C E - 0 1  

0 . 2 3  6 4 3  OE- 01 
0 . 2 5 4 6 4 0 E - 0 1  

0.100000E 01 
0.10000OE 0 1  

0. 
0. 

0 . 1 3 2 0 2 8 F  00 
0 . 2 2 0 3 0  1E-01 

U-235- 3 0. 0. 0. 0. 0. 
U-238- 4 0 . 6 7 7 1 0 0 E - 0 2  0 . 6 7 7 0 5  1F- 02 0 . 9 9 9 9 2 8 E  00 0 . 1 0 2 2 5 6 F  00 0.4517C3E 00 
U - 2 3 6 - 5 0. 0. 0. 0. 0. 
PM149- 6 C. 0 . 5 5 4 6 6 9 E - 0 8  0. 0. 0. 
1 - 1 3 5 - 7 0. 0 . 6 3 2 0 8 8 E - 0 8  0. 0. 0. 
94149- 8 0. 0 . 1 4 0 9 4 1 E - 0 8  0. 0. 0 . 1 7 3 9 t l E - 0 2  
X E 1 3 5 - 9 0. 0 . 4 5 5 7 8 5 E - 0 9  0. 0. 0 . 3 0 3 7 8 6 E - 0 1  
F P 2  -10 0. 0 . 5 4 8 7 2 9 E - 0 6  0. 0. 0.88047CJE-03 
2 N O 2 5 - 1 1  0 . 4 9 1 5 O O F - 0 4  0 . 4 8 5 6 8 0 E - 0 4  0 . 9 8 8 1 5 9 E  03 3 . 8 8 4 4 1 9 E  00 0 . 5 3 7 9 4 9 E  00 
R 1 0  1 - 1 2  0. 0. 0. 0. 0. 
8 1 C  2 - 1 3  0. 0. 0. 0. 0. 
P U 2 3 9 - 1 4  0. 0 . 4 2 4 0 0 5 E - 0 6  0. 0 . 1 3 3 2 4 9 F - 0 1  0 . 1 0 3 3 0 7 E - 0 1  
PU 240- 1 5  0. 0 . 1 8 8 1 7 3 E - 0 8  0. 0. 0 . 1 7 3 2 6 4 E - 0 4  
P U 2 4 1 - 1 6  0. 0 . 9 1 8 3 7 5 F - 1 1  0. 0 . 3 5 6 8 8 0 E - 0 6  0 . 2 4 4 8 4 3 E - 0 6  
SPMAT-17 0. 0. 0. 0. 0. 
XF I S 2 - 1 8  0. 0. 0. -0. 0. 

bt z t  *+ tt  tt  * t  # ** t t  t i  UESH I N T F R V A L  

F I S S I O N  PRODUCT CONCENTR4TIONS A T  VARIOUS FRACTIONS OF THE T I M E  S T E P  

F R AC T ION X E 1 3 5  St4149 I 1 3 5  P M l 4 9  
0.01 0 . 1 3 8 9 0 2 E - 1 0  0 . 1 8 6 2 7 2 F - 1 2  0.225 7 8 2 E - 3 9  0.5 3 8 7 2 9 E - 1 0  
0 .10  0 . 1 6 6 7 7 0 E - 0 9  0 . 1 7 7 4 3 6 F - 1 0  0 . 1 8 0 7 9 3 E - 0 8  0 . 5 2 2 2 9 2 E - 3 9  
0.50 0 . 4 1 1 3 5 4 E - 0 9  0 . 3 5 8 5 8 8 E - 0 9  0.41 3 6 6 2 E - 0 8  0 . 2 2 8 4 4 1 E - 0 8  

E P U I L I R R I U M  0 . 4 4 6 5 4 3 E - 0 9  0 . 5 7 6 0 C R E - 0 8  0 . 4 4 5 9 2 3 E - 0 8  0 . 7 8 0 0 8 4 E - C 8  

T I M E  A F T W  SHUTOOYN U N T I L  U 4 X I M U M  XENON CONCENTRATION 15 REACHED = 1 0 . 2 7  HOURS 
THE X E N 3 N - 1 3 5  CONCENTR4TION I P E A K I  AT T H I S  T I M E  I S  0 . 2 1 0 2 9 0 E - 0 8  

ISOTOPE N I T 1  N l T c l l  N l  T + 1  I / N I T 1  POYER PO 150’4 
OESCR. 

WO - 1 0 . 2 3 6 4 3 0 E - 0 1  0 . 2 3 6 4 3 0 E - 0 1  0 . 1 0 0 3 0 0 E  01 
F R A C T I O N  

0. 
FACTOR 

0 . 1 3 2 8 0 1 E  00 
OXY - 2 0 . 2 5 4 6 4 0 E - 0 1  0 . 2 5 4 6 4 0 E - 0 1  0 . 1 0 0 0 0 0 E  01 0. 0 . 2 1 4 5 9 8 E - 0 1  
U - 2 3 5 - 3 0. 0. 0. 0. 0. 
U - 2 3 8 - 4 0 . 6 7 7 1 0 0 E - 0 2  0 . 6 7 7 0 h 6 E - 0 2  0 . 9 9 9 9 5 0 E  00 0 . 9 9 4 6 5 2 F - 0 1  0 . 4 5 0 0 C 6 E  00 
U - 2 3 6 - 5 0. 0. 0. 0. 0. 
P U 1 4 9 - 6 0. 0 . 3 8 9 9 8 5 E - 0 8  0. 0. 0. 
1 - 1 3 5 - 7 0. 0.44441 BE-08 0. 0. n. 
9 4 1 4 9 - 8 0. 0.110963E-OR 0. 0. 
X E 1 3 5 - 9 0 .  0 . 4 4 3 9 0 8 E - 0 9  0. 0. 
F P 2  -10 0. 0 . 3 8 5 9 0 4 E - 0 6  0. 0. 
a ( O 2 5 - 1 1  
e10 1 - 1 2  

0.491 5 0 0 E - 0 4  
0. 

0 . 4 8 7 3 8 7 E - 0 4  
0. 

0 . 9 9 1 6 3 2 E  03 
0. 

0.891100E 00 
0. 0. 

P I 0  2 - 1 3  0. 0. 0. 0. 0... 
PU2 39- 14 0. 0.2 9 8 4 3  1F- Ob 0. 0 . 9 4 3 5 0 4 E - 0 2  0 . 7 3 2 5 6 5 E - 0 2  
PU 2 4 0 - 1 5  0. 0 . 9 3 7 . 7 8 4 E - 0 9  0. 0. 0 . 8 6 9 9 5 5 E - @ 5  
PU 2 4 1 - 16 0. 0 . 3 2 4 9 4 E E - 1 1  0. 0 . 1 2 7 0 3 5 E - 0 6  0 . 8 7 2 8 1 7 E - 0 7  
SPUAT-17 0. 0. 0. 0. 0. 
XF I S 2 - I 8  0. 0. 0. -0. 0. 
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F I S S I O N  PRODUCT CONCENTR4TIONS AT VARIOUS FRACTIONS OF THE T I M E  STEP 

FRACTION X E 1 3 5  9 4 1 4 9  I 1 3 5  P H I 4 9  
0.01 0 . 1 0 9 0 4 3 E - 1 0  0 . 1 3 9 6 4 0 E - I 2  0.158 9 9 9 E - 0 9  0.40 3 2 4  1E-1 0 
0.10 0 . 1 5 1 5 7 0 E - 0 9  0 . 1 3 3 7 7 E - 1 0  0 . 1 3 5 3 2 4 E - 0 8  0 . 3 9 0 9 3 7 E - 0 9  
0.50 0 .39  1 4 6 3 E - 0 9  0 . 2 7 7  8 9 8 E - 0 9  0 . 3 3 9 4 7 8 E - 0 8  0 . 1 7 0 9 8 9 E - 0 8  

E P U I L I B R I U M  0 . 4 2 6 0 3 5 E - 0 9  0 . 5 6 1  l C 3 E - 0 8  0 . 3 3 4 5 2 3 E - 0 8  0 . 5 8 3 8 9 5 E - 0 8  

T I M E  A F T W  SHUTDOWN U N T I L  MAXIMUM XENON CONCENTRATION IS REACHED = 10.02 HOURS 
THE X E N 3 N - 1 3 5  CONCENTR4TION I P E A I O  A T  T H I S  T I W E  15  0 . 1 6 1 6 5 1 E - 0 8  

ISOTOPE N I T )  N I T t l )  PO I SON 
OESCR. FACTOR 

mo - 1- 0 . 2 3 6 4 3 0 E - 0 1  0 .23  6430f -01 0 . 1 3 6 0 7 4 E  00 
OXY 2 0 . 2 5 4 6 4 0 E - 0 1  0 . 2 5 4 6 4 0 E - 0 1  0 . 1 8 4 3 3 1 E - 0 1  
U-235- 3 0. 0. 0. 
U-238- 4 0 . 6 7 7 1 0 0 E - 0 2  0 . 6 7 7 0 7 5 E - 0 2  0 . 4 3 8 9 1 9 E  00 
U-236- 5 0. 0. 0. 
PM149- 6 0. 0 . 2 9 1 9 0 5 E - 0 8  0. 
1 -135- 7 0. 0 . 3 3 2 6 4 8 E - 0 8  0. 
94149- 8 b. 0 . 8 8 7 7 0 7 E - 0 9  0 . 1 1 4 0 2 3 E - 0 2  
XE135- 9 0. 0 . 4 2 3 4 4 7 E - 0 9  0 . 2 9 3 7 0 8 E - 0 1  
F P 2  -10 0. 0 . 2 8 8 8 9 2 E - 0 6  0 . 4 8 2 3 5 4 E - 0 3  
i w o z s - i i  o . 4 9 1 5 0 0 ~ - 0 4  0 . 4 8 8 3 7 2 ~ - 0 4  0 . 5 5 5 4 2 9 E  00 
E10 1 - 1 2  0, 0. 0. 
810 2 - 1 3  0. 0. 0. 
P U 2 3 9 - 1 4  0. 0 . 2 2 0 3 3 0 E - 0 6  0 . 5 5 8 6 5 6 E - 0 2  
P U 2 4 0 - 1 5  0. 0 . 5 3 2 4 3 1 E - 0 9  0 . 5 1 0 1 8 2 E - 0 5  
P U 2 4 1 - 1 6  0. 0 . 1 4 2 0 9 0 E - 1 1  0 . 3 9 4 2 2 2 E - 0 1  
S P H I T - I 7  0. 0. 0. 
X F I S Z - 1 8  0. 0. 0. 

F I S S I O N  PRODUCT CONCENTR4TIONS AT VARIOUS 

FRACTION XE135  S H 1 4 9  
0.01 0 . 1 0 6 7 8 8 E - 1 0  0.1 3 7 4 0 7 E - 1 2  
0.10 0 . 1 4 5 5 9 6 ~ - 0 9  0 . 1 3 1 6 4 9 ~ - 1 0  
0.50 0 . 3 7 3 4 2 8 E - 0 9  0 . 2 7 2 5 7 9 E - 0 9  

E Q U I L I B R I U M  0 . 4 0 6 2 5 0 E - 0 9  0 . 5 3 3 3 8 5 E - 0 8  

T I M E  A F T W  SHUTDOWN U q T I L  M 4 X I W M  XFNDN 

N l  T + I ) / N l T I  POWER 
FRACT ION 

0.100000E 01  0. 
O.1OOOOOE 01 0. 
0. 	 0 .  

0 . 9 9 9 9 6 4 E  00 0 . 8 4 9 3 6 5 E - 0 1  

0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 	 0. 

0 . 9 9 3 6 3 5 ~  0 0  0 . 9 0 7 9 1 1 E  00 

0. 0. 
0. 0. 
0. 0 . 7  1 5  2 9 5 F - 0 2  
0. 0. 
0. 0 . 5 7 0 4 0 8 E - 0 7  
0. 0. 
0. -0. 

FRACTIONS OF THE T I M E  STEP 

I 1 3 5  PM149  
0 . 1 6 5 4 6 3 E - 3 9  0 . 3 9 7 1 8 9 E - 1 0  
0. 1 3 3 2 9 3 ~ - 0 8  o . ~ a 5 0 7 0 ~ - 0 9  
0-3 0 4 8 3 3 E - 0 8  0 . 1 6 8 4 2 3 E - C 8  
0 . 3 2 9 5 0 3 E - 0 8  0 . 5 7 5 1 3 3 E - 0 8  

CDNCENTRATION I S  REACHED = 10.05 HOURS 
THE X E N O N - I 3 5  CONCENTRATION I P E A K I  A T  T H I S  TIME IS 0 . 1 5 8 6 0 0 E - 0 8  

ISOTOPE N I T )  N I T + l I  N I  T + l l  I N I T )  POUER PO ISON 
OESCR. FRACTION FACTOR 

Hyn - I. - - 0.23 6 4 3 0 E - 01 0 . 2 3 6 4 3 0 E - 0 1  O . 1 O O D O O E  01 0. 0 . 1 4 2 6 4 0 E  00 
O X Y  - 2 0 . 2 5 4 6 4 C E - 0 1  0 . 2 5 4 6 4 0 E - 0 1  0.1OOOOOE 01 0. 0 . 1 2 1  6 b O E - 0 1  
U-235- 3 0. 0. 0. 0. 0. 
U - 2 3 8 - 4 0 . 6 7 7 1 0 0 E - 0 2  0 .677077E-02  0 . 9 9 9 9 6 5 E  00 0 . 5 5 4 1 2 0 E - 0 1  0 . 4 1 5 6 3 2 E  00 
U - 2 3 6 - 5 0. 0. 0. 0. 0. 
PH149- b 0. 0 . 2 8 7 5 2 4 F - O R  0. 0. 0. 
1 - 1 3 5 - 7 0. 0 . 3 2 7 6 5 6 E - 0 8  0. 0. 0. 
SM149- 8 n. 0 . 8 6 7 3 1  8 E - 0 9  0. 0. 0 . 1 1 E 5 7 7 E - 0 2  
XE135- 9 0. 0 . 4 0 3 7 9 3 E - 0 9  0. 0. 0 . 2 9 8 1 C 8 E - 0 1  
F P 2  -10 0. 0-2 8 4 5 5 2 E - 0 6  0. 0. 0 . 5 0 5 7 3 9  E- 0 3  
2N D25- 11 0 . 4 9 1  5 0 f l E - 0 4  0 . 4 8 8 3 2  7E-04 0 .993544E 00 0 - 9 3 7 4 2 1 E .  00 0 . 5 7 8 7 0 0 E  00 
810 1 - 1 2  0. 0. 0. 0. 0. 
810 2 - 1 3  
PU239- 1 4  
PU240- 15  

0. 
0. 
0. 

n.
6 ;  Z 0 9 8 4 0 E - O b  
0 . 5 2 5 3 7 6 E - 0 9  

0. 
0. 
0. 

0. 
0 . 7 1 6 7 3 4 E - 0 2  
0. 

n.- _  
0 . 5 6 6 3 1 5 E - 0 2  
0.53583%-05 

P U 2 4 1 - 1 6  0. 0 . 1 4 5 2 4 0 E - 1 1  0. 0 - 6 1 3 4 2 9 E - 0 7  0 . 4 2 8 9 C 5 E - 0 7  
SPMAT-17 0. 0. 0. 0. 0. 
X F I S 2 - 1 R  0. 0. 0. -0. 0. 

25 




** ** ** ** ** ** 8 .  88 ** 

NO F I S S I O N A R L E  ISOTOPES OR CONSEQUENT F I S S I O N  PRODUCTS OCCUR I N  MESH I N T E R V A L S  9 THRU 1 4  

ISOTOPE N I T 1  N l T + 1 1  N l T + l I / N l T I  POWER PO I SON 
OESCR. 

WO - 1 
OXY - 2 

0 . 5 1 7 1 4 0 E - 0 1  
0 . 2 5 8 5 7 0 E - 0 1  

0 . 5 1 7 1 4 0 E - 0 1  
0 . 2 5 8 5 7 0 E - 0 1  

0.100000F 01 
0.10FOOOF 01 

0. 
0 .  

FRACTION 
0. 
0. 

FACTOR 

U-235- 3 0. 0. 0. 0 .  0. 
U-238- 4 0. 0. 0. 0 .  0. 
U - 2 3 6  5 0. 0. 0. 0. 0. 
PM149- 6 0.  0. 0. 0. 0. 

~~1 -135 - T 0 .  0. 0. 0. 0. 
S M l 4 9 - 8 0. 0. 0. 0. 0. 
XE135- 9 0. 0. 0. 0 .  0. 
F P 2  -10 0. 0. 0. 0. 0. 
ZN D 2 5 - 1 1  0. 0.  0. 0. 0. 
R 1 0  1 - 1 2..~.~ 0. 0. 3. 0. 0.~ 

810 2 - 1 3  0. 0. 0. 0. 0. 
PU239- 1 4  0 .  0. 0. 0. 0. 
PU 240- 1 5  0. 0 .  0. 0 .  0. 
P U 2 4 1 - 1 6  0 .  0.  0. 0. 0. 
SPRAT- 1 7  0 .  0. 0.  0. 0. 
XF 1S2- 1 8  0 .  0 .  0. 0 .  0. 

A L L  MESH I N T E R V A L S  HAVE BEEN TRAVERSED FOR T I M E  INTERVAL 1 
THE FLUX M I L L  NOM RE REYORMALIZEO FDR THE NEXT T I M E  I N T E R V A L  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FOR THE START OF T I Y E  I N T E R V A L  NUMRER 2 OF 2 

FLUX N O R M & I Z A T I O N  F4CTOR 0 . 1 0 1 0 3 6 E  01 CONVERTS T O  A8SOLUTE FLUX I N  NEUTRONS/BARN*SEC 
FOR A POWER L E V E L  OF 0 . 6 4 9 5 3 3 E  3 4  WATTS 

CELL NUMBER 1 OF 2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NEW ATOM O E Y S I T I E S  BY MESH I N T E R V A L  FOR EACH ISOTOPE AT THE EN0 OF T I M E  INTERVAL 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L A S T  ENTRY FUR EACH ISOTOPE IS ONE BARN-TH OF I T S  TOTAL WM8ER OF ATOMS I N  THE C O N F I G U R A T l O N  

********l*****tC**********~***************************************************** 


VULCAY I O  = 2 3  
0 . 2 7 3 8 0 0 E - 0 1  0 . 2 7 3 8 0 0 E - 0 1  0 . 2 3 6 4 3 O E - 0 1  0 . 2 3 6 4 3 0 E - 0 1  0 . 2 3 6 4 3 0 E - 0 1  0 . 2 3 6 4 3 0 E - C l  0 . 2 3 6 4 3 0 E - 0 1  0 . 2 3 6 4 3 0 E - 0 1  
0 . 5 1 7 1 4 0 E - 0 1  0 . 5 1 7 1 4 0 E - 0 1  0.5 1 7 14 0 E - 0 1  0 . 5 1 7 1 4 0 E - 0 1  0 . 5 1 7 1 4 0 E - 3 1  0 . 5 1 7 1 4 0 E - 0 1  0 . 2 4 8 0 6 9 E  01 

VULCAN I O  = 2 4  
0 . 1 3 6 9 0 0 E - 0 1  0 . 1 3 6 9 0 0 E - 0 1  0 . 2 5 4 6 4 0 E - 0 1  0.2 5 4 6 4 O E - 0 1  0 . 2 5 4 6 4 0 E - 0 1  0 . 2 5 4 6 4 0 E - 0 1  0 . 2 5 4 6 4 0 E - 0 1  0 .254640E -01 
0.2 5 8 5  70E- 0 1 0.2 5 8 5 7 0 E  -01 0.2 5 8 5 7 0 E - 0 1  0 . 2 5 8 5 7 3 E - 0 1  0.2 58 5 7 0  E-0 1 0 . 2 5 8 5 7 0 ~ - 0 i  0 .165617E 01  

VULCAY IO = 5 
0 . 1 3 8 7 1 4 E - 0 3  0.1 3 8 7 8 7 E - 0 3  0. 0. 0 .  0. 0. 0. 
0. 0. 0. 0. 0. 0. 0 . 1 0 5 7 3 7 E - 0 2 

VULCAN I D  = 7 
0. 0. 0. 6 7 7 0 1  4 E - 0 2  0 . 6 7 7 0 3 2 E - 0 2  0 . 6 7 7 0 5  1 E - 0 2  0 . 6 7 7 0 6 6 E - 0 2  0 . 6 7 7 0 7 5 E - 0 2  0 .67T077E-02  
0. 0. 0. 0. 0. 0. 0 .206365E 00 

VULCAN IO = 6 
0.5C9904E- 0 6  0 .4C6C78E- Ob 0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 0 . 3 8 1 5 2 3 F - 0 5  

VULCAN IO = 1 7  
0 - 2 6 5 2 1 9 E - 0 7  c.  2 5 9  2 13E- c 7  0 . 9 5 4 4 5 4 E - O R  0.765668E-OR 0.554669E-OR 0 . 3 8 9 9 8 5 E - 0 8  0 . 2 9 1 9 0 5 E - 0 8  0 . 2 8 7 5 2 4 E - 0 8  
0. 0. 0. 0. 0. 0. 0 . 3 7 0 0 4 3 E - 0 6  

VULCAN IO = l b  
0 . 3 0 2 2 3 8 E - 0 7  0 . 2 9 5 3 9 0 E - 0 7  0 . 1 0 8 7 6 7 E - 0 7  0.873 b 7 8 E - 0 8  0. b 3 2 0 8  BE-08 0 . 4 4 4 4 1 8 E - 0 8  0 . 3 3 2 6 4 8 E - 0 8  0 - 3 2 T 6 5 6 E - .08 
0. 0. 0. 0. 0. 0. 0.421 6 9 3 E - O b  

VULCAN 10 = 1 5  
0.50 947 4  E- 08 0 . 5 0 2 9 0 7 E - 0 8  0 . 1 9 2 3 0 6 E - 0 8  0 . 1 7 0 4 6 0 E - 0 8  0.140941E-OR 0 . 1 1 0 9 6 3 E - 0 8  0 . 8 8 7 7 0 7 E - 0 9  0 . 8 6 7 3 1 8 E - 0 9  
0. 0. 0. 0. 0. 3 .  0 . 7 9 8 1 1  3 E - 0 T  



VULCAN IO = 14 
0 - 1 2 2 6 0 1  E- C 8  0 . 1 2 1 8 9  3E-08 0 . 4 7 9 7 9 9 E - 0 9  
0. 0. 0. 

VULCAN IO = 1 3  
0 - 2 6 2 1 9 3 E - 0 5  0.2 5626OE- 0 5  0 . 9 4 3 6 8 8 E - 0 6  
0. 0. 0. 

VULCAN 10 = 2 1  
0 .  0. 0 . 4 8 1 7 0 2 E - 0 4  
0. 0. 0. 

VULCAN IO = 1 9  
0 . 8 9 9 2 7 6 E - 0 3  C . 9 0 1 5 6 3 E - 0 3  0. 
0. 0. 0. 

VULCAN IO = 2 0  
0 .899276E- 0 3  0 . 9 0 1  5 6 3 E - 0 3  0. 
0. 0. 0. 

VULCAN IO = 0.9 
0. 0 . 7 3 5 3 5 5 E - 0 6  
0. 0. 0. 

VULCAN I O  = 10 
0. 0. 0 . 5 4 2 7 3  * -OR 
0. 0. 0. 

VULCAN IO = 11 
0. 0. 0 . 4 3 7 8 3 3 E - 1 0  
0. 0. 0. 


VULCAN i n  = 1 8  
0 . 8 7 7 9 8 0 E - 0 3  O.RR0588E-03 0. 
0. 0. 0. 

VULCAN IO = 2 2  
0 13 8 7  I 4E- 0 3  0 . 1 3 8  7 8 7 E - 0 3  0. 
0. 0. 0. 

0 .46541  1E-09  0 . 4 5 5 7 8 5 E - 0 9  0 . 4 4 3 9 0 8 E - 0 9  0 - 4 2 3 4 4 7 E - 0 9  0 . 4 0 3 7 9 3 E - 0 9  
0. 0. 0. 0 . 2 3 0 0 5 6 E - 0 7  

0 . 7 5 8 2 1 5 E - 0 6  0 . 5 4 8 7 2 9 E - 0 6  0 . 3 8 5 9 0 4 E - 0 6  0 . 2 8 R 8 9 2 E - 0 6  n. 2 8 4 5 5 2 E - 0 6  
0. 0. 0. 0 - 3 6 5 9 1 8 E - 0 4  

0 . 4 8 3 5 0 7 E - 0 4  0 . 4 8 5 6 8 0 E - 0 4  0 . 4 8 7 3 8 7 E - 0 4  0 . 4 8 8 3 7 2 E - 0 4  0 . 4 8 8 3 2 7 � - 0 4  
0. 0. 0. 0 . 1 4 8 0 2 0 E - 0 2  

0. 0. 0. 0. 0. 
0. 0. 0. 0 . 6 8 6 4 1 0 E - 0 2  

0. 0. 0. 0. 0. 
0. 0. 0. 0 . 6 8 6 4 1 0 E - 0 2  

0 . 5 8 5 2 3 0 E - 0 6  0 . 4 2 4 0 0 5 E - 0 6  0 . 2 9 8 4 3 1 E - 0 6  0 . 2 0 9 8 4 0 E - 0 6  
0. 0. 0. 

0 . 3 5 5 8 2 2 E - 0 8  0 . 1 8 8 1 7 3 E - 0 8  0 . 9 3 7 7 8 4 E - 0 9  0 . 5 3 2 4 3 1 E - 0 9  0 . 5 2 5 3  7 6 E - 0 9  
0. 0. 0. 0 . 6 8 8 0 5 9 F - 0 7  

0 . 2 3 7 1 0 1  E-10  0 . 9 1 8 3 7 5 E - 1 1  0 . 3 2 4 9 4 8 F - 1 1  0 . 1 4 2 0 9 O E - 1 1  9 . 1 4 5 2 4 O F - 1 1  
0. 0. 0. 0 . 4 4 3 4 8 7 E - 0 9  

0. 0. 0. 0. 0. 
0. 0. 0. 0 . 6 7 0 3 4 6 E - 0 2  

0. 0. 0. 0. 0. 
0. 0. 0. 0 . 1 0 5 7 3 7 E - 0 2  

CONVERSION R A T I O  B Y  M E W  I N T E R V A L  AT S T A R T  OF T I M E  INTERVAL 1 

-0. -C.  0 . 7 5 9 3 1 2 6  00 0 . 7 3 9 3 3 1 F  00 0 . 7 3 3 7 3 4 F  00 0 . 7 2 9 2 7 5 E  00 0 . 7 0 7 0 6 3 F  00 0 . 6 6 4 0 2 2 E  00 
0. 	 0. 0. 0. 0. 0. 

CONVERSION R A T I O  8 Y  MESH I N T E R V A L  AT END OF T I M E  INTERVAL 1 

-0. -0. 

0. 0. 


BY MESH INTERVAL THE 

0 . 4 6 2 7 1 7 E  0 3  0 .452355E 
0. 0. 

BY NESH INTERVAL THE 

0 . 2 7 1 4 1 9 E  0 1  0 .265340E 
0. 0. 

0 . 7 4 9 8 9 3 E  00 0 . 7 3 2 1 0 1 E  00 0 . 7 2 8 5 1 5 E  00 0 . 7 2 5 6 1 3 E  00 0 . 7 0 4 4 8 9 E  00 0 . 6 6 1 8 4 7 E  00 
0. 0. 0. 0. 

POWER I S  

0 3  0 . 1 6 8 8 1 5 E  0 3  0 . 1 3 5 5 2 5 E  03 0 . 9 7 9 9 8 1 E  0 2  0 . 6 8 8 7 4 1 E  0 2  0 .51537CE 02 0 . 5 0 7 5 7 6 E  02 
0. 0. 0. 0. 0 . 6 4 9 5 3 3 E  04 

POWER INORMALIZEO TO VOLUME-AVERAGE0 POWER1 IS 

01 0 . 9 9 0 2 2 6 E  00 0 . 7 9 4 9 5 4 E  00 0 . 5 7 4 8 3 3 E  00 0 . 4 0 3 9 9 8 E  00 0 . 3 0 2 3 0 7 E  00 0 .297731E 00 
0. 0. 0. 0. 0 .170481E 03 

VOLUME AVERAGFO E Q U I L I 3 R I U M  CONCENTRATIONS OF MAJOR F I S S I O N  PRODUCTS 

I N  N U C L E I I B A R N * C M  I F  THE POWER LEVEL OF - 6 4 9 5 3 3 E  04 WATTS IS M A I N T A i N E O  


X E N 3 N - 1 3 5  0 . 6 0 7 2 8 1 E - 0 9  

S A U A R I U M - 1 4 9  0. 7 6 3 9 6 7 E - 0 8  

I O D I N E - 1 3 5  0.11 13 05E-07  

PROMFTHIUM-149 0 . 1 9 4 2 7 7 E - 0 7  
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F I S S I O N A B L E  I N I T I A L  W S S  I N  F I N A L  MASS I N  F S A C T I O N A L  
I S O T O P E  K I L J G R A M S  K I  LOGRAHS POWER 

U - 2 3 5  0 . 1 4 2 8 2 9 E - 0 2  0 . 1 4 0 2 9 5 E - 0 2  0 . 9 4 4 3 1 6 E  00 

U - 2 3 8  0 - 8 1 5 7 1 3 E - 0 1  0. R 1 5 6 5 3 E - 0 1  0 . 4 8 3 2 0 6 E - 0 1  

U - 2 3 6  0. 0 . 1 4 9 5 2 7 E - 0 5  0. 

PI1239  0. 0.5 1 8 3  5 1 E - 0 5  0.7 3 6 2 9 4  E-0 2 

P U 2 4 0  0. 0 . 2 7 4 2 4 3 E - 0 7  0. 

P U 2 4 1  0. 0 . 1 7 7 5 0 0 E - 0 9  0 . 3 7 0 9 6 8 E - 0 6  

THE FOLLOWING E D I T  I S  AVERAGE0 OVER ALL MESH I N T E R V A L S  I N  WHICH EACH ISOTOPE OCCURS 

ISOTOPE N ( T I  N ( T + 1 1  
UESCQ. 

WO - 2 3  0 . 3 6 4 2  7 2 E - 0 1  0 . 3 6 4 2 7 2 E - 0 1  
OXY - 2 4  0 . 2 4 3 1 9 7 E - 0 1 0 . 2 4 3 1 9 7 E - 0 1  
U - 2 3 5 - 5 0 . 1 4  1 8 5 0 F - 0 3  
U - 2 3 8 - 7 0 . 6 7 7 1 0 0 E - 0 2  
U - 2 3 6 - 6 0. 
PH 1 4 9 - 1 7  0. 
1 - 1 3 5 - 1 6  0. 
SH 149- 1 5  0. 
X E 1 3 5 - 1 4  0. 
F P 2  - 1 3  0. 
2N 0 2  5-2 1 0 . 4 9 1 5 0 0 E - 0 4  
E10 1 - 1 9  0. IOOOCOE-02 
El10 2 - 2 0  0 . 1 0 0 0 0 0 E - 0 2  
PU239- 9 0. 
PU 2 4 0 - 10 0. 
P U 2 4 1 - 1 1  0.~~ 

SPHAT-18 0 . 1 0 0 0 0 0 E - 0 2  
X F I S 2 - 2 2  0 . 1 4 1 8 5 0 E - 0 3  

TOTAL FUEL INVENTDRY 
I N  K I L l G R A M S  

TOTAL FUEL INVENTORY 
I N  POUNDS 

CONVERSION R A T I O  

TOTAL POWER I N  WATTS 

0 . 1 3 8 7 6 3 E - 0 3  
0 . 6 7 7 0 5 1 E - 0 2  
0 . 5 0 0 6 8 b E - 0 6  
0 . 9 7 1 2 4 2 E - 0 8  
0 . 1 1 0 6 8 1 E - 0 7  
0 . 2 0 9 4 7 9 E - 0 8  
0 . 6 0 3 8 2 0 E - 0 9  
0 . 9 6 0 4 1 3 E - 0 6  
0 . 4 8 5 6 3 2 6 - 0 4  
0 . 9 0 0 8 0 1 F - 0 3  
0 . 9 0 0 8 0 1 E - 0 3  
0 . 4 2 8 4 6 6 E - 0 6  
0 . 2 2 5 7 4 1 E - 0 9  
0 . 1 4 5 5 0 l E - 1 0  
0 . 8 7 9 7 1 9 E - 0 3  
0 . 1 3 8 7 6 3 E - 0 3  

I N 1  T I A L  

N i  T + 1  I I N I T )  P O I S O N  
FACTOR 

0.1OOOOOE 01 0 . 5 6 3 0 3 4 E - 0 1  
0 . 1 0 0 0 0 0 E  01 0 . 8 3 7 4 4 6 E - 0 2  
0 . 9 7 8 2 3 7 E  00 3 . 1 9 6 4 6 1 E  00 
0 , 9 9 9 9 2 7 E  00 0 . 1 2 6 8 6 8 E  00 
0. 0 . 5 9 9 8 1 1 E - 0 5  
0. 0. 
0. 0. 
0. 0 . 1 2 9 6 5 6 E - 0 2  
0. 0 . 1 8 6 4 4 7 E - 0 1  
0. 0 . 8 0 7 9 4 5 F - 0 3  
0 . 9 8 8 0 5 0 E  00 0.1499ROE 00 
0 . 9 0 0 8 3 1 E  00 0 . 6 0 5 5 5 0 E  01 
0 . 9 0 0 8 0 1 E  00 0 . 6 0 5 5 5 0 E  01 
0. 0 . 3 4 3 6 0 R E - 0 2  
0. 0 . 7 6 4 4 3 4 F - 0  5 
0. 	 0 . 1 5 3 1 9 5 F - 0 6  
0 . 8 7 9 7 1 9 E  00 0 . 7 2 5 4 3 3 E  01 
0 . 9 7 8 2 3 7 E  00 0 . 1 9 6 4 6 1 F  00 

F I N A L  

0 . 8 2 9 9 9 6 E - 0 1  0 . 8 2 9 7 8 9 E - 0 1  

0 . 1 8 2 9 8 1 E  00 0 . 1 8 2 9 3 5 E  00 

0 . 2 0 2 2 5 6 E  00 0 . 2 0 5 0 0 6 E  00 

0 . 6 4 9 5 3 3 E  04 0 . 6 4 2 6 7 2 E  04 

MEGAWATT-OAYSfqETR I C  TON 0 . 6 5 4 2 0 1 E  0 6  
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X * E - 1  V * E  1 

0. 


0. -0. 0.*--­
0.254-0 .  	 8 


I 

1 


0.762 7 . 4 9 9  1 

1 


1 .27C 7 . 3 2 1  1 

1 

1 


1.850 7 . 2 8 5  

2.430 1 . 2 5 6  


3.010 7.045 


3 . 5 9 0  6.618 

3 . 8 1 0  0 .  


4.310 0. 

4.010 0. 

5.310 0 .  

5 .810 0 .  

6.310 0. 


X * E - I  V * E - 0  

0 .  	 2 . 7 1 4  
0 . 2 5 4  2 . 6 5 3  

0 . 7 6 2  0 .990 

1.270 0 . 7 9 5  

1.850 0 . 5 7 5  

2 . 4 3 0  0 .404 

3.010 0 . 3 0 2  

3 . 5 9 0  0 . 2 9 8  
3.810 0 .  

4 .310 0. 

4 . 8 1 0  0. 

5.310 0 .  

5.810 0. 

6.310 0. 

1 1 

1 1 

1 1 

I 1 

I 1 

1 1 

1 I . 


C O N V E R S I O N  R A T I O  VS.  MESH I N T F R V A L  R A O I U S  

N O R M A L I Z E 0  P W F R  I N  I N T F Q V M  VS. V F S H  I N T F P V A L  R 4 O I I I S  

8*****8**8 T H I S  C U H P L F T E S  T IHE I N l E R V A L  1 OF 2 
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VULCAN DESCR JPTJON 

VULCAN is a one-dimensional point (mesh interval) depletion or  burnup code 
primarily designed to use the GAM-GATHER-TDSN calculational system and its associ­
ated input and output. The input for  VULCAN requires geometry and material  specifica­
tions, macroscopic (atom density in  atoms/@) (cm)) specifications, microscopic c ros s  
sections in barns,  and the space-energy flux, which is normalized, within VULCAN, to 
units of neutrons per barn per second. Variable input format options are available for  
the c ross  sections and the flux making VULCAN readily adaptable to any space-energy 
calculation sequence. Thus any reactor configuration, for which geometry and materials 
can be specified, microscopic c ros s  sections obtained, and fluxes provided, may be 
treated. Input shortcuts are provided if several  configurations , differing only in isotopic 
densities and flux shape, a r e  considered. In particular, power factors  may be used in  
order  to adjust the flux levels. If, in a transverse dimension, a s imilar  material  con­
figuration exists, then several  transverse dimension regions may be treated sequentially 
within one VULCAN problem. Thus some measure of two-dimensional depletion is 
available. The program can treat up to 40 nuclides and 20 energy groups and can ac­
commodate 190 mesh intervals. The mesh intervals may be grouped into 190 zones 
comprised of 190 distinct materials. These restrictions result  because VULCAN is 
limited to storage in the fas t  memory ofan  IBM 7094 computer. However, minor re­
programming can greatly increase the range of problems that may be treated. The 
restrictions on the number of mesh intervals, zones, and materials NRM and energy 
groups NG may be varied subject to the following condition: 

The COMMON blocks /SET 1/, /SET 2/, and /SET 3/ must be suitably altered in each 
subroutine and the source decks recompiled. The storage limitation (16 040)is dependent 
on the storage allocation for  internal systems routines. 

Description by Subroutine 

Main program: VULCAN. - This is the main program and it performs virtually all 
input-output operations. It controls the flow of the program and performs special edits 
of power and conversion ratios in the form of plots at the end of each time interval T1. 
The conversion ratio CRm in any mesh interval m is the ratio of the creation rate  
Cm to destruction rate Dm of fissionable material  in that mesh interval. The equation 
for  CRm is 
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7 7  N1(u: - u:,). + N (ua - u:)@ + N4 4(.. - .;‘)a + N 10 10 - u“)@ 
- _=-=CR m 

‘m 
3 3  
- -

9 9  11 11 ( A2 )N8u:@( A88 )
Dm N a,@+ N5u;@+ N o a @ + N  @ + N ua@ 

A +ua@ A +aa@ 

The total conversion ratio CR over all mesh intervals NRM is 

NRMCcm- (Volume)m 

New geometry and material  specifications a r e  punched by this routine (discussed in the 
section Subroutine OUTPUT). 

Subroutine TABLE. - This subroutine contains tabular information such as, fission--__~ 
product yields, decay constants, atomic weights, thermal v values (thermal v = 

average number of neutrons per  thermal fission), and the VULCAN internal identification 
assignments. It contains a constant, 3 . 1 ~ 1 0 ’ ~fissions per thermal watt-second, to be 
used for  absolute flux normalization. The tabular information is taken, for  the most 
par t  f rom references 10 to 12. Fission product yields of Xe 135, 1135, Sm14’, and 
Pm14’ from fast and thermal fission of U233, U235, P u ~ ~ ’ ,and Pu241 are included to 
the extent they are available. These tabulated yields will be used unless different values 
a r e  specified in the input. The FORTFUN deck of this subroutine is short; thus any of 
the tabulated values may be changed and the deck recompiled with little effort. 

Subroutine ABSPHI. -Within ABSPHI, prior to the solution of any depletion equations,~ 

the arbi t rary level input flux is normalized to a specified power. At the end of the de­
pletion time interval the flux is renormalized to the same power before calculating the 
final conversion ratios and before traversing another depletion time interval. 

Subroutine XENON. - The equilibrium concentrations of the four specific fission 
products (XE135, Sm 14’,1135,and P m  149) are calculated here as well as the time after 

shutdown (at the end of the current time interval T1)of peak Xe135 concentration and its 
value at that time. 

Subroutine SSF. - If isotopic self-shielding factors by energy group are desired, they 
are read in  by this subroutine. The absorption and fission c ross  sections are multiplied 
by their respective self-shielding factors. 
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Subroutines BURNUP .-and FLSEQ. - These two subroutines perform the actual deple­
tion calculation. For each isotope in each mesh interval, the new atom density, f rac­
tional change in atom density, fractional power supplied, and a poison factor are calcu­
lated. The poison factor for an  isotope is the ratio of its macroscopic absorption c ross  
section to the total macroscopic absorption cross section of the fuel. For each mesh 
interval, the power is calculated; after normalization to the volumt+averaged power, a 
power distribution plot is produced in  the main program VULCAN. A fuel inventory is 
carr ied out, volume-averaged atom densities obtained, and the conversion ratio deter -
mined before and after the depletion time step. 

The subroutine allows the concentrations of the four specific fission products, 
within any mesh interval, to be determined at an  a rb i t ra ry  number of fractional t imes 
within any time interval TI. For these specific fission products, equilibrium concentra­
tions are determined for  each mesh interval and volume averaged over all mesh intervals. 
For nondepletable regions, the atom densities fo r  the first mesh interval within such a 
region are carr ied through as representative of the full region. 

Detailed depletion information may be obtained for each mesh interval separately in 
addition to the information averaged over all mesh intervals. Upon completing the de­
pletion calculation for  all mesh intervals, the flux is renormalized (using new atom 
densities) to the specified power and a new time step T1 within VULCAN is initiated. 

Subroutine OUTPUT.__-- In a point (mesh interval) depletion program each point 
within a zone (constant material) will usually be depleted individually. Consequently, each 
point becomes a distinct material  and zone in the next spatial calculation. It is desirable, 
then, to have some means of minimizing the number of materials or zones. Once all the 
desired time s teps  TI  are completed within VULCAN, the macroscopic absorption 
c ross  sections are subjected to two comparative tests. One test determines whether the 
macroscopic absorption c ross  section (macs) of each isotope in a mesh interval is, 
within a predetermined limit, the same as the corresponding isotopic macs in a preceding 
mesh interval. The other test determines whether the macs of each isotope in a mesh 
interval constitutes a certain fraction of the total fue l  macs in that mesh interval. Each 
tes t  is performed for  each energy group. The mathematical representation of these 
tests is 

Tes t  1: 
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Test  2: 
NF 

where 
macroscopic absorption c ross  section for  isotope k, energy group j ,  and mesh 

jm interval m 
e 
E predetermined limit (see DIFFER in the section INPUT INSTRUCTIONS) 

n designates which preceding mesh interval is being compared with mesh interval m 

designates fissionable isotope 

If all energy groups for all isotopes satisfy both tests for two or more mesh intervals, 
the atom densities for these intervals a r e  volume averaged and thus constitute a single 
new material  and zone. After performing these two tests through all mesh intervals, new 
atom densities for each distinct material are punched. These atom densities are used to 
obtain new material  macroscopic c ros s  sections which wi l l  then be used in the spatial cal­
culation (see the section Depletion cycle). 

This subroutine, on option, will print out macroscopic absorption c ross  sections by 
group, mesh interval, and isotope. Upon return to the main program the geometry and 
material  specifications for input to TDSN a r e  punched corresponding to the new region and 
material  structure. The corresponding oui$ut for nondepletable regions maintains the 
atom densities and mesh structure unaltered and alters, not the material, but its external 
identification number. 

Nuclide List 

VID numbers 1to 17 may be used only for the indicated isotope. If any of these 
isotopes is not to be considered, its VID number may not be used by another isotope. 
Nuclides other than the 17 specifically mentioned are assigned VID numbers in unbroken 
numeric order ,  beginning with VID = 18. Table 11lists the VID number assignments 
which VULCAN uses. 
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1 

2 

3 

4 

5 

6 

7 

TABLE It. 

Nuclide 

Th232 

u2 33 


u2 34 


u2 35 


u2 36 
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Np239 

Pu239 


Pu240 


Pu241 


Pu242 


Fission product aggregate 


~e~~~ 


Sm 149 


1135 


P m  149 


- NUCLIDE LIST AND VID ASSIGNMENT 

VID number 

a 
9 


10 


11 


12 


1 3  


14 


15 


16 


Special Materials including additional 
fission product aggregates 

Burnable Poisons a17+ J +  1 - 1 7 +  J +  K 

Repeated Fissionable Nuclides a17+ J +  K +  1 - 1 7 +  J +  K +  L 

I Nondepletable Nuclides a17 + J +  K +  L + 1 - 17 + J + K +  L + M 
.. _ .  ~ _ _ _ ~ _ _~ . - _ _  

aFor a configuration containing J Special Materials, K Burnable Poisons, L 
Repeated Fissionable Nuclides, and M Nondepletable Nuclides where 
J +  K +  L +  M 5  (40 - 17). 
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INPUT INSTRUCTIONS 

This section contains the input instructions and explanations of the input parameters. 
The symbol * after a card number means to use as much of the card or as many cards  
as necessary. 

Card Format Variable 

1* 11, lX, 14A5 TITLE 

2 7110 	 NG 

NFG 

NISOT 

NMAT 

NTINC 

NFRACT 

KCELL 

3 7110 	 NZONR 

NRM 

Description 

Title, label, or problem description containing 
any alphameric information. The number 1 in 
card column 1will signify the last title card. 

Number of energy groups I20 

Number of fast energy groups I20 

Number of isotopes whose depletion and/or buildup 
is to be considered plus those classified as non­
depletable 5 40. 

Number of separate materials 5 190 (A material  is 
any distinct macroscopic c ross  section set. ) 

Number of equal time intervals (DELHR) for which 
f lux  normalization and subsequent depletion will be 
perf ormed. 

Number of fractional s teps  to be taken within a 
major time interval (DELHR) for  intermediate 
poison calculations 5 10. NFRACT = 0 if 
MOREOUT = 0 o r  1. 

= 0 or 1 Normal single depletion 
2 5 KCELL 5 20 A ser ies  of KCELL successive 
problems with distinct atom densities and fluxes 
will be depleted. 

> 21 A se r i e s  of KCELL - 20 successive problems 
differing only in flux level will be depleted 
(treated by power factors to be supplied). 

Number of zones I190 - within each zone the 
material  is constant. 

Number of mesh intervals Cr 190 
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Card Format Variable Description 

MOROUT 

NUF 

7110 NSPMAT 

NBPOI 

NFIS 

NYDNUC 

NONDPL 

NFJRPT 

= 0 Only averaged information (always obtained) at 
the end of depletion sweep will be printed. 

= 1 Macroscopic absorption c ros s  sections (with self-
shielding factors included) will be printed. 

= 2 Individual mesh interval information will be 
printed. 

= 3 Both macroscopic absorption c ross  sections (with 
self-shielding factors included) and individual mesh 
interval information will be printed. 

= 0 Both vuf and v will be read in (1, is average 
number of neutrons per fission - by group and by 
isotope). 

= 1Only of will be read in. 

Number of special materials (see eq. (14)). If more 
than one fission product aggregate is to be 
considered, the number must be included in 
NSPMAT. 

Number of burnable poisons considered 

Number of fissionable isotopes for  which fission 
product yields are to be used (indicated by Y in  
the output) 5 10 (NFIS does not include any 
Repeated Fissionable Nuclides. ) 

Number of fission product nuclides for which yields 
are to be read in 5 20 (Total number whose yields 
a r e  to be considered is equal to NYDNUC plus the 
number whose yields a r e  to be taken from 
subroutine TABLE. ) 

Number of nondepletable isotopes (carried through 
to maintain continuity of the calculational 
sequence) 

Number of times that one or  more of the twelve 
fissionable isotopes is repeated. For example, if 
three distinct c ross  section sets for U235 and two 
distinct sets for U238 a r e  to be used in a single 
problem, then NFIRPT = (3 - 1) + (2 - 1) = 3. 
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Card Format Variable Description 

5 7110 KGEO 

KFLTJX 

KSSF 

KHAIN 

KFAST 

KFORM 

6 7E10.5 	 POWER 

DISTI 

DIST2 

Geometry indicator (one-dimensional) : 

= 1 Slab 

= 2 Cylinder 

= 3 Sphere 


Format for  flux input: 

= 1 Binary-TDSN output 

= 2 Decimal-NFtM values for  group 1, NRM values 


for  group 2, and so forth (NG se ts  of NRM values) 

Self -s hielding factors: 

= 0 If none 

= 1 If factors are to be used 


Fission isotope chain applicable: 

= 0 For thermal reactor 
= 1 For fast reactor 

(This option chooses fission product 
yields for two general reactor classes. ) 

= 0 KFLUX option is used. 
= 1 Permits  optional FORMAT statement to be read 

in for cross  section input 
= 2 Permits  optional FORMAT statement to be read 

in  for flux input 
= 3 Permits  optional FORMAT statement to be read 

in for  both cross  section input and flux input 

Total power in watts (thermal power of 
1 w = 3 . 1 ~ 1 0 ~ ~fissions/sec) 

First transverse dimension equals height for  cy­

linder o r  slab in centimeters (used to calculate 
power density) 

Second transverse dimension equals thickness for  
slab in  centimeters (used to calculate power 
density) 
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Card Format Variable Description 

DELHR Time increment in  hours TI (Total depletion time 
is NTINC*DE LHR .) 

XREMP Xenon removal rate f ,  (other than by decay and 
depletion, e. g . ,  diffusion). 

REMIOD Iodine removal rate f, 

DIFFER Averaging criterion for  output materials. 
If DIFFER = 0, DIFFER will be se t  equal to 0.001 
(0. 1percent). See E in inequalities (17) and (18). 

Card 7 is included only if NFRACT # 0. 

7* 7F10.8 FRACT (I) Fractional values of DELHR to be used - no res t r ic ­
tion on values except that NFRACT (5 10) values 
are necessary. 

Isotope ldentifka t  ion 

One card 8 must be included for  each of NISOT isotopes. Any isotope may have any 
sequential ID number (I), but cards  8 must be in  numerical order  by (I). 

8* 415, A5 I 

VID(1) 

NRPT (I) 

KFIS (I) 

DESCR 

Sequential ID number 

VID number (see the section Nuclide List) 

= 0 If not a repeated fissionable nuclide 
= 10 + VID If a repeated fissionable nuclide 
If U235 were used twice in addition to the initial 

occurrence, each repeated time NRPT would be 
10 + 5 = 15. Nuclides for  which NRPT # 0 must be 
in ascending NRPT number. 

= 0 If no fission product yield is to be used or if 
NRPT (I)# 0 (Note that, upon completion of the 
input, the KFIS(1) a r r a y  will contain NFIS nonzero 
values. ) 

= 1 If a fission product yield is to be used 

Arbitrary alphameric description of VID(1) 
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Card Format Variable Description 

Geometry and Material Specifications (NZONR Cards 9 Required) 

NZONR cards 9 a r e  required. The first card is for  zone K = 1; the second card  is 
for  zone K = 2, and so forth; the last card is for zone K = NZONR. 

9* 15, F10.6, I5 NMIR(K) Number of mesh intervals in  zone K 

RAR (K) External dimension of zone K (cm) 

MIDRZ (K) Material number corresponding to zone K 

If NYDNUC = 0, skip card 10. If NYDNUC # 0, NYDNUC cards 10 are required. 

10* 215, 6F10.8 KRON = 0 If this isotope is not produced by decay of 
preceding isotope in  NYDNUC se r i e s  (always 0 for  
first card in series) 

= 1 If isotope is capture product of preceding nuclide 

IDFP VID number of the particular isotope (e. g . ,  if  only 
Xe135 yields a r e  to be read in IDFP = 14) 

YELD(J) Fractional fission yield of isotope with VID = IDFP. 
YELD(1) from first nonzero KFIS isotope, YELD(2) 
from the second nonzero KFIS isotope, and so 
forth - supplied in the same sequence as (I) on 
cards  8*. If NFIS 2 7, continue the yields on the 
next card (format - 7F10.8). 

If N U F  = 1, skip cards  11. If NUF = 0, NFIS cards  11 a r e  required. 

For each fissionable isotope considered and if NUF = 0, the values of v are read in 
fo r  all fast groups. These groups are ordered from high to low. Note that of ra ther  
than vof is used in VULCAN. The card sequence is ordered according to VID number. 

11* 7F10.8 XNU(IG) NFG values of Y in neutrons per  fission. Do not 
include for the NFIRPT isotopes. 

If KFORM = 0 or 2, skip card 12. 

12 12A6 FMT (I) Optional FORMAT statement for c ross  section input. 
For  the specific format of cards  14, ca id  12 
would read (36X, 2F12.8). Note omission of word 
FORMAT but the inclusion of parentheses. 
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Card Format Variable Description 

Microscopic Cross Sections 

Include NISOT sets of cards 13 and 14 in  the same sequential order  as (I) on cards  8. 

13 12A6 DUMMY Not retained in VULCAN (may be title card for  c ross  
se ctions) 

If KFORM = 1 or 3, read in  absorption and fission c ross  sections for  NG groups in  
specified format (card 12) on cards  14. For  each card 13, there must follow NG cards 14. 

14* 	 36X, 2F12.8 ABSIG(1G) Absorption c ros s  section for group IG in barns 
(or format 
indicated on 

card 12) 
FUNSIG(1G) of or vuf c ross  section in barns (depending on 

availability) with appropriate values of XNU(1G) 
on cards  11and NUF on card 3. 

Material Specifications (Atom Densities) 

There must be NMAT sets of cards  15 and 16. The NMAT sets must be in numerical 
order  by material  number. 

15 7110 NCON Number of constituent nuclides in this material  5 40 
(Only those nuclides present at the start of the 
depletion interval need be included. ) 

IDCON(I) Sequential ID numbers in ascending order (as 
established by (I) on cards  8) - NCON values. If 
NCON > 6, continue with 7110 format on as many 
cards  as a r e  needed. 

16* 7F10.8 DENS(I) Corresponding atom densities for  this material 
(NCON values) in  a toms per  barn-centimeter 

If KFORM = 0 or  1, skip card 17. 

17 12A6 FMT (I) Optional FORMAT statement for f lux  input 
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Card Format Variable 

FI uxes 

Description 

The fluxes are supplied on cards  18. 

18* 7E10.5 FLUX(I) Average fluxes by mesh interval for  each group; 
NG sets of NRM values (normalized to units of 
neutrons/&) (sec) within VULCAN) 

Power Factors 

If KCELL 5 20, skip cards  19 and 20. If KCELL > 21, the power factors a r e  supplied 
on cards  19 and 20. 

19 I10 NKOREG Number of successive problems to be depleted using 
the same fluxes but adjusted by power factors 
5 19 

20* 7E10.5 CORPOW(1) Actual, fractional, o r  relative power for successive 
problems; NKOREG values; the normalization is 
to the input, that is, 

CORPOW(1) 
* CORPOW(I) = actual power in pro­

blem (I) 

SeIf -S hielding Factors 

If KSSF > 0, read in the self-shielding factors on cards  21, 22, and 23. 

2 1  I10 NSSF Total number of nuclides for  which self-shielding 
factors are to be considered 5 20 

22* 7110 JSMAT (I) VID numbers for  self-shielded nuclides - NSSF 
values 

23* 7F10.6 SSF(1, J) Self-shielding factors for  NSSF isotopes (I) and NG 
groups (J); NSSF sets of NG values in the order  
established by JSMAT(1) (card 22) 

If KCELL > 21, read in KCELL - 2 1  sets of atom densities and self-shielding factors. 
Each set of atom densities is composed of the NM+T pai rs  of cards  15 and 16 and must 
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be similar to the first set to the extent that only density magnitude changes (i. e. , no 
changes in material constituents) are allowed. Different self -shielding factors may be 
used for succeeding sets. If 2 IKCELL 5 20, read in KCELL - 1 additional sets of 
similar atom densities, fluxes, and self-shielding factors (cards 15, 16, 1 7  (if used 
before), 18, 21, 22, and 23). 

LISTING OF PROGRAM DECKS 

The FORTRAN listing of the VULCAN program which follows contains several  par­
ticular features of the Lewis Monitor System. The subroutine BCREAD (called from 
main subroutine VULCAN) may be used to read fluxes from binary cards. The subroutine 

PLOTXY forms plots of two related variables. The following printer carriage control 
characters have been used as the first character in a format statement: 

J Single space before printing rest of line 

K Double space before printing rest of line 

L Triple space before printing rest of line 

$ Punch the line instead of print 

* Pr in t  and punch this line 

For the first three control characters,  the character must be counted as one of those 
being printed, but for the last two, the format is given as if the control characters were 
not a part of the format statement. The last control character * is actually followed by a 
blank to make up the complete control symbol. If these characters are not available in 
the monitor system used, then othe'r output control statements must be used. 
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T."=NU 

S I B F T C  VULCAN DECK 

C 

C VULCAN I S  A P O I N T  [MESH I N T E K V 4 L )  D E P L E T I O N  CODE 

C I T  HAS O P T I O N A L  I N P U T  FOKMATS T H A T  MAKE IT AOAPTAALE TO 

C AN A K B I T K A K Y  UNE-OIMENSILINAL S P A T I A L  C A L C U L A T I O N  

C 

C VIJLCAN lJSES NO P E K I P H E R A L  STORAGE 

C 

C W K I T T E N  I N  FOKTHAN 1 V  LANGUAGE 

C 

C J L  ANVEKSON NUCLEAR SYSTEMS D I V I S I O N  

C L E W I S  KESEARCH CENTER 

C AUGUST Y r  1966 

C 


COMMON/SETl /  A T O E N l 1 Y 0 ~ 4 0 ~ r C D N R A T l 2 D D 1 r T D P O W l 2 O D l ~ V D L l 2 O O ~ r K H I 2 0 D ~  
l r R A T B E F I 2 0 0 )  

CDMMDN/SETZ/ F L U X 1 3 8 D D ~ ~ S A N S N U 1 4 0 ~ 2 D ~ ~ A ~ S l G 1 4 D ~ 2 O ~ r S S T l 2 D ~ 2 D ~ ~  
1 X N U I l Z . 2 0 )  

COMMDN/SET3/ N M I R l 2 O 0 ~ r R A U M l 2 D 0 ~ ~ R A R l 2 O O ~ ~ D E L R l 2 D D ~ ~ l M l D K ~ l 4 O D l ~  
I N E M 0 1 2 0 0 1  
C O M M D N / S E T 4 / A T W G T I 2 O ~ ~ O E C A Y l 4 O ~ ~ T H E R N U 1 4 D l r T N A M E 1 4 D ~ ~ F K A C T l l O l ~  


l N l t P T I 4 O ) r I D V U L C I 4 0 )  
COMNDN/SET5/ V U L A B S l 4 0 )  t VULF 15 1 4 0 )  r VULAMF I 4 0 1  r A D P K E V 1 4 0 1  I D Y L D l l O )  

1 r Y  1 2 0 1  1 2  1 r K K U N I  201 
CDMMDN/SET6/ N G ~ N M I N ~ S O T I T D T V O L I F I ~ A T T ~ P O W E K ~ A V P D W ~ F N O R M  
C U M M D N / S E T 7 / N F I S ~ N S P M A T ~ N ~ ~ O l ~ N F K A C T I N Y D N U C ~ N F l K ~ T  
COMMON/SETH/ D E L H K ~ K H A I N i A V D G A D ~ N Z O N K ~ t . 1 O R O U T ~ ~ . 1 O U D ~ D l F F E K ~ N O N D P ~  
CUHMDN/SETY/ KTIMINTINCIKKELCIKCELL 
CUMMON/SETlO/ K U M P ~ K D N G I K O G I L A N D I D E L S E C I M E S H  
C O M M O N / S E T l l /  NSSFI J S M A T I  20 

C 
C 

D I M E N S I O N  C O R ? D W l 2 O ~ r K A P O F 1 2 0 ~ r T I T L E ( 1 4 1 , Y E L D l l O ~ ~ l D C O N 1 4 D l ~  
1NUI.11141 r K F I  S I  4 0 )  r DENS I40  1 7 1OFP 1 2 0 )  r P  1 1 5 )  r UNAME I10 I 

O I M E N S I O N  F U N S I G 1 4 0 ~ 2 0 )  
0 I Ir,�N S 1ON F IM T I12 I 

C 
EU lJ IVALENCE I F U N S I G ~ S A N S N U )  

C 
C 

C K E A 0  I N  I N P U T  DATA 

C 


14 WKI T E l 6 r l O f  I 
2 	 K ~ A O I 5 r l U O l  I J K I ~ T I T L E I I ) ~ ~ = ~ . ~ ~ )  

W K I T E l b r 1 5 Y l  l T I T L E l I l r 1 = 1 r 1 4 1  
1 F I I J K . N E . l l  l r 0  T O  2 
N K I T E l b r l l O )  
K E A 0 1  5 7  101 I NGINFGINISIIT vNMAT r N T  INCINFKACT r K C E L L  
W K I T E 1 6 7 1 0 1 )  N 6 , N F G I N I S U T I N M A T I N T I " F R n C T I K C E L L  
WH I 1E I 6 7 111) 
R E A D l 5 r l O l l  NZONK,NKMIMOKDUTINUF 
I d K 1  T E l 6 r  1011 INZDNKINKM.MOKDUT rNUF 
W K I T E 1 6 r l l 2 l  
K E A D 1 5 1 1 0 1 1  N S P M A T I N B P O I ~ N F I S I N Y O N U C ~ N O N O P L ~ N F ~ K ~ ~  
W K I T E I b r l U l )  N S P M A T ~ N B P O I ~ N F I S ~ N Y D N U C I N ~ N D I N O P L ~ N F I K P T  
WK 1TE Ib 7 11 3  
K E 4 D 1 5 . 1 0 1 1  K G E O I K F L U X I K S S F I K H A I N ~ K F A S T ~ K F U K M  
W K I T E l h ~ l l l l )  K G ~ O ~ K F L U X I K S S F I K H A I N ~ K F A S T ~ K F O K M  
WK I TE 1 6  7 114 1 
H F AD I5 9 1 0 2  I PflW EK 9 D I ST 17 0 I ST Z 7 DELHK v XKEM P ,KEM I I J U  7 0 I F F  EK 
W K I T E 1 6 r l 4 1 I  POWEK~DISTlrUIST2rOELHKIXKEMP.KEMP~KEMIDU~DIFFEK 
IFINFKACT.EC~.O) GO TO 3 
R E A D 1 5 , 1 0 4 1  l F K A C T I J K l r J K = l , N F K A C T l  

3 	 v I K I T E l 6 r l l 5 1  
C A L L  TARLE I N I S U T ~ F I W A T T ~ A V U L A D I K F d S T l  
r l E C A Y l 1 4 ~ = U E C A Y l 1 4 ) + X K E i 4 P  
DECAYl4Ol=DECAYl16)+KEMIOD 

C D E C A Y 1 4 0 1  I S  ACTUALLY D E C A Y l l b )  FUK THE 1 - 1 3 5  EIJUATION 
D E C A Y l l h l = D E C A Y 1 1 ' b 1 - K E M I O D  

C D E C A Y 1 1 6 1  1 5  FOK THE X t - 1 3 5  EUOATIUN 
DO 1 K I S S = l r N I S O T  

C 	 I HEFEKS T O  8IACT.G SEQlJENCE BUT CAKOS l N l S U T 1  IMAY BE I N  ANY DKDEK 
R E A O 1 5 r 1 4 3 1  I r l D V U L C l I l r N K P T l I l r K F I S l I I r O E S C K  
I S M = I 0 V U L C l 1 )  
TIN AME I1SM 1 =I)E S C K 
I F I K F I 5 I I l . E U . O I  GO TO 4 
W K I T E l b . 1 4 5 1  I r l O V U L C 1 I l r N K P T I I l r T N A M E l I S M ~  
GO T O  1 

4 W K I T F l 6 . 1 4 4 1  I I I O V U L C I I ~ ~ N R P T I I ) ~ T N A M E I I S M )  
1 CI INT INL IF  

K E A D 1 5 ~ 1 0 3 )  l N M I K l I ~ r K A K l I ~ r M I D K L l I ~ r l ~ l r N Z O N K ~  

H R  I T  E 1 6  9 116 I 

W K I T E l 6 . 1 1 Y )  

1...I ...M+1

~ 

1x3 2 1  I = l r N Z O N K  
I E N D = I G O + N M I K I I ) - l  
00 2 2  J = l G O I I E N D  

2 2  PI I DKZ I J ) =M 1 DRZ I I 1 
2 1  W R I T E l b r 1 3 8 1  N M I K l I I ~ R A K l I ~ ~ l M I O R Z l K ~ r K ~ 1 ~ D r I E N O ~  

C 
C MESH I U T E K V A L  M A N I P U L A T I O N  
r 

11 P I = 3 . 1 4 1 5 Y 2 7  
D E L K l 1 ) = 0 . 0  
D E L K l l ) = K A U l l I  
DO 12 1=2,NZnNK 
O E L H l I I = O . D  

1 2  	D E L K l l ) = K A K I I ) - R A K I I - l I  
DO 13. I = l r N Z O N K  
VMI=O.O 
V M I = N M I R I I I  
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13 	OELH I I I =OELU I 1 I I V M  1 
RUN=O.O 
R H  I 1)=O.O 
K = l  
OD 17 J = l r N Z D l v K  
NMES=NI4IKl  J I 
DO 1 7  l = l r N l l E S  
K=K+1 
KI( IK 1.0.0 

1 7  R K I K l = R R I K - 1 ~ + O E L H l J l  
R U N = K K I N H M + l )  

9 C O N T I N U E  
C 

C VOLUME C A L C U L A T I O N  

C 


NM=NHM 
00 20 J K = l v N M  

2 0  V O L l J X ) = O . O  
N R M P l = N R M + l  
GU TO 1 3 0 ~ 4 0 r S D l r K G E O  

3 0  V O L T = O I S T l * D I S T 2 * K U N  
RAUMI1)-HAKIl)*DIST2*DISTl 

DO 23 NIL=Z,NZON* 
K A U M l N I L ) = O . O  

2 3  R A U M l N I L ~ = l K A H I N I L ~ - K A K l N ~ L - l ~ ~ * D I S T 2 * D I S T 1  
DO 3 1  K=2,NHMPl 

31 V O L I K - 1 1 = l K K I K l - K K I K - l ~ ~ ~ D I S T 2 ~ D I S T 1  
GO TO 60  

40 VOLT=PI "KUN*HUN*DIST l  
R A U M I 1 I = P I ~ N A K I 1 I ~ K A R I l l ~ O I S T 1  

DO 3 5  MIL=2rNZOI . IX  
K A U M I M I L ) = O . O  

3 5  R A U M I M I L ~ = P I ~ I H A K I M I L ~ : K A K l M ~ L ~ - U A K l M l L - l l ~ K A K ~ M l L - l ~ I ~ O I S T 1  
DO 4 1  K=2,NKMPl 

41 V O L l K - 1 1 = P I * l K h I K ~ ~ K R o - K R ( K - l ~ ~ U K l K - l ~ l * D ~ S T l  
GO T O  60 

5 0  V O L T = 1 4 . : P I / 3 . l f l K I I I U * * 3 I  
KAUMIll=I4.:P1/3.l~lRAK11~*:3) 
OD 5 7  J l L = Z , N Z U N K  
RAUMI J I  L I =O. 0 

5 7  K A U M I J I L I = I 4 . ~ P I / 3 . ~ ? I K A R I J I L I ~ ~ 3 - K A h I J I L - l I ~ * 3 ~  
DO 5 1  K=2,NHMPl 

5 1  V O L I K - 1 ~ = 1 4 . / 3 . l ~ P l t l K R I K 1 ~ f 3 - R h I K - 1 ~ ~ * 3 ~  
60 TOTVOL=O.O 

DO 5 2  L B J = l r N E i  
5 2  	T O T V O L = T O T V U L + V O L I L B J l  

W K I l t l 6 ~ 1 1 7 1  
W K I T E I 6 , 1 3 Y )  I V O L I K ) r K = l t N M l r T O T V O L  
W K I T E 1 6 r 1 5 0 1  l K A U M I K U K l r K U K = l r N Z O N H )  
(JUOT=VOLT/TIITVOL 
lFlABSll.-UU@T).LT..OOl~ b O  TO 2 1 5  
W i l l T t l b ~ 1 3 3 )TOTVOLIVOLT 

C 
C READ I N  MUNE I N P U l  DATA 
C 

C F I S S I O N  I N F O K M A T l O N  

C 


2 1 5  	WH I TE I 6  v 1 0 7  I 
DL1 74 l = l t N Y D N U C  
IF lNYONUC.EO.0)  GO T O  2 3 0  
I F I N F I S . G I . 6 )  GO T @  5 
R E b D I 5 , 1 3 1 )  K H O N I I l r I O F P I I l r I Y E L O I J I . J = l l N F I S ~  
GO TO 6 

5 R E A D 1 5 r 1 3 1 I  KHONIII,IOFPIIIrIYELOIJ)~J=lr6) 
K E A D 1 5 , 1 0 4 1  I Y E L D I K ) r K = 7 r N F 1 S I  

6 I J K = I D F P l  I I - 1 2  
c I O F P  1 s  1Iu V l lLCAN S E U U t N C E  

2 3 0  D(1 70  J = l r N F I S  
l F I C = n 
. .. . 
DO 7 3  I S E U = l r N I S O T  
I F 1S = I  F 1  S + K F  I S I  I SEI)) 
I F I I F I S . Y E . J I  GO T O  7 3  
I DY L O 1J ) =  I UVIJLCI  ISECJI 
I D T = I D Y L O I J I  
IFINYDNUC.NE.01 Y l  I J K I I O T ) ~ Y E L D I J )  
U N A M E I J ) = T N A E i E l I D T )  
GO T O  7 0  

7 3  C O N T I N U E  
70 C O N T I N U F  
14 L U N T I N ~ J E  
7 5  	W A l T E l 6 , 1 2 4 )  l I O Y L U I J A ) r J A = l r N F I S I  

W K I T E l 6 . 1 4 7 1  l U N A M E I J A l ~ J A = l r N F I S I  
NUG=NS?MAT+17 
OD 5 5  NASA=l .NISOT 
N A V = I D V U L C I N A S A I  
I F l N A V . L E . 1 2 . O K . N A V . G T . N U ~ )  GO T O  5 5  
NUT=NAV-12 
DO 5 6  J E T = l r N F I S  
I O = I U Y L D I  J E T )  

5 6  	Y E L D l J E T l = Y l M U T ~ I O l  
H i l  I T E  Ih v 1 1 Y  I 
W % I T E I b r 1 4 6 J  ~ Q A V I T N A M E I N A V I ~ I Y E L D I J J ~ ~ J J = ~ ~ N F I S )  

5 5  	C O N T I N U �  
IFINUF.EU.1)  GO TU 4 2  
W N I T E l 6 r l O Y )  

L 

C N U  I N  VULCAN 1U OKUEH 
C 

DO 79 J = l t 1 2  
00 2 2 1  M l t i = l r N F G  

44 




2 2 1  XNUIJIMIG)=O.O 
NUMI  J ) = J  
00 2 2 0  N A X = l r N I S O T  
I F I J . E Q . I U V I I L C I N A X ) )  K E A O 1 5 , 1 0 4 )  I X N U I J I I t i ) . I t i = l . N F G I  

2 2 0  
79 

7 6  

42 
C 
C 
C 


C 


20 1 

2 0 0  

6 5  
902 

3 0 0  

69 

7 2  

6 8  

6 7  
C 
C 

C 

2 0 7  

CONTINUE 

CONTINUE 

W K I T E l 6 ~ 1 2 5 1  I N U M I J ) , J = l . l 2 )  

W R I T E l 6 i l l Y l  

DO 7 6  I G = l ? N F G  

W R I T E 1 6 r 1 4 0 )  I G I I X N U I J I I G ) ~ J = ~ ~ ~ Z I  

IF IKFAST.EO.0 )  W H I T E l 6 . 1 4 2 )  I T H E K N U I J ) . J = 1 , 1 2 1  

W R I T E l 6 . 1 0 7  I 


C R O S S  SECTIONS 

K I D = I O  

R E A 0 1  5r 1 3 5 )  DUMMY 

IF lKFOHM.El~.O.OR.KFORM.EU.2~ GO TU 200 

DO 2 0 1  I G = l . N G 
~~ ~ ~ 

R E A 0 1 5 r F M T )  A E S ~ G ~ I D I I G I ~ F ~ ~ N S I G I I D I I G )  
GO TO 2 0 2  

DO 6 5  I G = l . N G  

R E AD I5 t 105 ) .AHS I G I  ID. Iti ) FUNS I G 1 IO t I ti 1 

R E A U l 5 r 1 3 5 1  UUMMY 

CON1I NUE 

WKI TE 16,  1UB I 

W R I T E l 6 ~ 1 2 1 1  I S O T I I D  

W R I T E l 6 r 1 2 2 1  

W R I T E l 6 . 1 3 9 1  I A B S I G l I O ~ I G I r I G ~ l ~ N G )  

I F I I O . G T . I 2 . A N D . N K ~ T I I S O T I . E U . O )  GO T O  
IF lNUF.EO.1 )  GU TO 3 0 0  
W R I T E l b r l 2 3 )  
W K l T E l 6 . 1 3 Y I  l F U N S I G I 1 0 , 1 G ) . I G = l r N G )  
GNLJ=1. 
DO 68 I G = l r N G  
IFINUF.EO.11 GO TU bB 
I F I F U N S I G I I D I I G I . ~ U . O . )  GO TO b8 
I F l N H P T I I S I I T ) . E O . O )  GO TO bY 
K I U = N K P T l l S O T ) - l U  
CUNTINUE 
I F l I 6 . G T . N F G I  GO TO 7 2  
GI.IU=XNUl K I  D t  1 GI 
1FIGNU.NE.O.) GO T I )  6 8  
GNU=2.5 
W K I T E l 6 r 1 5 3 1  I D I I G  
GO T O  6 8  
GNU=THEKNUI K ID1 
IFlGNU.EQ.0.) GNU= l .  
SANSNUIIO,IG)=FUNSIGI IDIIG~/GNU 

WKI T E l 6 r  1 3 4 )  

W K l T E l 6 ,  1 3 9  I IS ~ N S I V U IID, IGI v 1 G = l  r NG)  

CONTINUE 

ATOM O E N S I T I E S  

LUNE=O 

LUX-O 

KANT=O 

I F I K C E L L . L E . 2 0 1  GO TO 2 0 7  

K A N T = l  

K C E L L z K C E L L - 2 0  

DO 2 0 8  N S E L = l . K C E L L  

K T I M = l  

L n x = L o x + i  

K R E L L Z N S E L  

I F  1195EL.GT. 1 I WR 1 i t 1 6 7  1 5 7 1  NSEL .KCELL 

67 

6 1  	DO 6 2  J=l ,NM.AT 
00 6 4  K = l r 4 0  

64 	DENSIK)=O.O 
K E A D l 5 . 1 0 1 1  NCONIIIDCONII).I=~,NCON) 
MACGG SEOUENCE IDCON 
R E A D 1 5 ~ 1 5 8 1  I D E N S l l ) ~ I = 1 ~ N C O N I  
L A  r)D =o 
DO 53  K = l r N Z O N H  
MESH=O 
M A T = M I D R Z I K )  
LAOD=L4OD+NMIH IK ) 
1FIMAT.NE.J) GO T O  5 3  
ME SH=L 4 OD-NM I R I K ) 
N M E S = N M I H I K )  
DO 53 L= l .NMES 
MESH=MESH+l 
00 2 3 5  N E l J = l r 4 0  

2 3 5  	ATDENIMESHINEUI=D.O 
00 5 4  K K K = l r N C O N  
I A G O = I D C O N I K K K )  
I D=IOVIJLC II A G O l  

5 4  A T D E N l M E S H ~ I O ) = O E N S I K K K )  

5 3  CONTINUE 

6 2  CONTINUE 


NGOTO=O 
NST=O 
W R I T E l b r 1 0 7 1  
MUSS=O 

45 


C 



36 NST=NGOTO+l  
I F I N M A T . G T - I N G O T 0 + 7 1 1  GO TO 3 7  
NtiOTO=NMAT 
GO TO 45 

3 1  	NGOTO=NGOT0+7 
W R I T E l 6 ~ 1 1 9 1  

45 DO 38 K I X = l r 7  
N U M l K I X I = O  
N U M I K I X I = N S T + K I X - l  
I F I N U M I K I X l . G T . N M A T I  GO T O  330 
KRAO=O 
DO 310 J K T = l r N Z O N H  
K R A O = K K A O + N M I K ~ J K T l  
I F  I M I  DRZ I J K T  1. EO. NUMI K I X 1 I GO T O  320 

310 C O N T I N U E  
3 2 0  NUMIKIX+7l=KRAD-NMIRlJKTl+l 

GO TO 3 0  
3 3 0  N U M I K I X I = O  

3 x  	C O N T I N U E  
LAHAY=NGOTO-NST+l  
IFINGOTO.GT.71 W R I T E 1 6 . 1 1 9 1  
W K I T E l b r l l 8 1  I N U M I K l r K = 1 ~ 7 1  
00 66 M V = l . N I S O T  
J V = I O V U L C I M V I  
W K I T E l 6 . 1 1 Y l  
00 3 4 0  N V T = l r L A K A Y  
LOCUS=NUMlNVT+71 

3 4 0  	C O N K A T I N V T I = A T U E N l L O C U S I J V )  
W K I T E ( 6 . 1 2 0 1  J V , T N A M t I J V I r l C O N K A T I J I r J = l r L A K A Y I~~ 

6 0  CflNTlNlJE 
I F I h h A T . G T . N 6 U T O l  ti0 T O  3 6  
W N I T t l 6 r 1 0 7 1  

C 

C F L U X  

C 


L S T = O  
L s P = o  
I F l N S E L . 6 T . l . A N O . K A N T . E O . 1 ~  GO TO H 0  
I ST=O 
I s P = 0  
KST=O 
KSP=O 

2 0 4  I F I K F O K I ~ l . L T . 2 1  GO T O  1 H l . M Z l r  K F L U X  
R E  AD I 5 7 100 I IFMT I I 1 t I = 1; 1 2  1 
D l l  2 0 3  I G = l r N G  
I S T = I S P + l  
I S P = I S T + N M - l  

2 0 3  K F A O I 5 , F M T l  I F L U X I I C O N I r I C O N ~ I S T ~ I S P ~  
GO TO M7 

H I  00 7 7  I G = l . N G  
IGO=NM* I 1G-1 l + l  
I STOP.1 Gll+Nii-1 
C A L L  0 C R E A D l F L l ~ X l I G O ~ r F L I ) X ~ l S T O P l ~  

7 7  C O NT 1 NIJF 
GI1 TO 8 7  

H ?  no nh i G = i r w  
I S T = I S ? + l  
I S P = I S T + N M - l  

Hh K E A D l 5 r l O 2 l I F L l J X (  I C U N I  7 I C n N = I S T ~ I S P l  
8 7  	CONT I Nl lF  

I F I L U N � . E ~ J . O I  W N I T E l b r 1 7 6 1  
I F  I K A N I .  kLI. 11 blK IT t  I6 7  1 2 9  I 
I F I K A N l . E U . 3 . A N D . K C E L L . L I . O )  Y K l T E l 6 r l 3 0 1  N S E L  
Dl1 8 0  I G 2 1 r N I ;  
W N I T F l h r l Z 7 1  I G  

K S T = K S P + l  

K 5 P = K S T +N M- 1 


00 W R I T E ( 6 r 1 3 Y I  I F L U X l K C O I ~ l r K C O N ~ K S T ~ K S P ~  
HE C A L L  AMSPHI 

Kf lOL=O 

IF IKANT.EU.01 GO TO 2 0 6  

I F l N S E L . 6 T - 1 1  GO TO 2 1 2  

L UI4 E = L UNF+ 1 

R F A 0 1 5 . 1 0 h I  NKOKEG 
. ~ 

C 	 A C T U A L ~ F K B C T I O N A L  on R E L A T I V E  P O W E K  M A Y  BE K E A D  IN 
R E A D l 5 ~ 1 0 Z l  I C U ~ P O W I K I P I r K I P = l r N K O K E G ~  
b 1 4 1 T E 1 6 ~ 1 5 4 1I C O 9 P 0 W I K I P I ~ K I P ~ l r N K O K E G I  
OD 2 1 4  KKAT=l ,NKOKEG 

2 1 4  R A P I ~ F ~ K R A T I = C l I K P O W I K H A T I / C ~ I K P U ~ ' ~ l1 
WRITE16r12HllKAPOF(JOEl~JUE=lrNKOREGl 


2 1 2  MGsNl l rNG 
V I E T = 1 . 0  
IFINSEL.GT.11 V I E T = K A P U F I L O X - I I  
DO 2 0 5  K K = l r E l G  

2 0 5  	F L I J X I K K  l = F L U X I K K l ~ K A P O F l L O X ) / V l E T  
W H I T E  1 6 7  160 1 K A P O F l  L O X 1  
WK I T E I6 v 1 2 6  I 
W K I T E l 6 ~ 1 3 0 1NSEL 
DO 4 3  I G Y = l . N G  
WR ITE I6 9 1 27 I I GY 
L 5T'=L SP + 1 
LSP=LST+NM-1 

43 W H I T E 1 6 . 1 3 9 1  I F L U X I N A M l r N A M = L S T ~ L S P I  
206 	00 2 0 9  N T h = l r N T I N C  

IFIKSSF.GT.01 C A L L  S S F I N G v N T M )  
K T I M = N T M + l  

46 




CALL BURNUP 
IF INTM.NE.NTINCI  GO TO YO 

95) C A L L  OUTPUT 
C 
C C A L C U L A T I O N  OF UII4ENSIUI.I S P E C I F I C A T I O N S  
C 

N E T = l  

W K I T E l 6 r l 4 B )  

DO 92 K=l,MOOD 

NET=NEMOIK)+NET 

U A R I K ) = K R I N E T )  

PIJNCH 103, N E M O 1 K ) r K A K l K l t K  


9 2  k l K I T E l 6 r 1 4 Y )  N E M O 1 K ) r K A R l K ) r K  
YO P I l ) = N M  

C A L L  P L O T X Y I K K , C O N H A T ~ 6 4 . P )  
W H I T E l 6 . 1 3 6 1  
C A L L  P L O T X Y I H K ~ T O P U W , 6 4 r P )  
WHITE I 6 r  1 3 7  
W K I T E l 6 ~ 1 0 7 )  
W K I T E 1 6 . 1 5 6 )  NTMINTINC 

209 CONTINUE 
2 0 8  CONTINUE 

91 GO TO 14 
100 F O K M A T l I l r l X ~ 1 4 A 5 l  
'"1 F O K M A T 1 7 1 1 0 )  
102 FOKMAl  I rE10 .5 )  
1 0 3  F O R M A T 1 1 5 r F 1 0 . 6 ~ 1 5 )  
104 FOKMA T 1 7 F I O .  8 ) 
1 0 5  F 0 K M A T 1 3 6 X 1 2 E 1 2 . 6 )  
106 F O K M A T l I 1 0 ~ h F 1 0 . 7 )  
1 0 7  F l l R M A T l l H l l  
i o 8  F i K M A T l ; H K l  
109 F O H M A T l l H L l  
110 F O K M A T I ~ H L I ~ X I ~ H N G I ~ X ~ ~ H " I S O T I ~ X ~ ~ H N M A T ~ ~ X ~ ~ H N T I N C , ~ X ~  

I ~ H N F R A C T I ~ X I ~ H K C E L L I  
111 F O K M A T I ~ H L ~ ~ X ~ ~ H N Z O N K ~ ~ X I ~ H N K M I ~ X I ~ H M O K O ~ ~ T I ~ X ~ ~ H N U F )  
1 1 2  F O K M A T ~ ~ H L I ~ X ~ ~ H N S P M A T I ~ X I ~ H N B P O ~ ~ ~ X ~ ~ H N F ~ S ~ ~ X I ~ H N Y O N U C ~ ~ X ~ ~ H N O N O P  

l L ~ 4 Y ~ 6 H N F I K P T )  
113 FOKMATI1HL,6X~4HKGtOIbXI5nKFLUX15X.4HKFLl)X~5X~4HKSSF~6X,5HKHAlN~5X~5HKFAST, 

1 5 X  7 5HKFOKM 1 
114 F O K M A T I 1 H L r Y X i 5 H P ~ J W E K ~ 6 X ~ 5 H F l K S T r B X ~ 6 H S E C O N O ~ t l X r 4 H T I I ~ E ~ l l X ~ 5 H X E N O N  

I r l O X ~ 6 H l f l D I N � / 1 l X ~ 2 H l N ~ ~ X ~ 9 H D l S T A N C E  INCREME~ ~ X . ~ H O I S T A N C E I ~ X ~ I O H  
2 N T ~ 7 X ~ 7 H K E M O V A L ~ 9 X ~ 7 H K E ~ ~ 0 V A L ~ 5 X ~ 6 H 0 1 F F E K / 1 0 X ~ 5 H ~ l A T T S ~ 6 X ~ 4 H 1 C M 1 r  
~ I O X I ~ H ( C M )  7 5 x 1  
4 MH I H O I J K S ~ ~ ~ X I ~ ~ HP K O B A B I L I T Y I ~ X I I I H P K O ~ A ~ I L I T Y )  


1 1 5  F ~ I K M A T l 1 H L ~ 4 X ~ l O H S E U l J E N T l A L ~ 7 HVULCANvfJH NHPT , l H l S O T O P E /  
~ X X I Z H I D I B X ~ ~ H I O I ~ ~ X ~ ~ H L A ~ E L )  

116 F O K M A T I I H L I ~ Z H  N M l K l 1 ) r l Z H  RAH111,23H M I  OKZ I I l -
I M A P  I 

1 1 7  F O K M A T l l H L . 1 5 H  MESH VOLUMES/ / )  
1 1 H  FL lKMATI8H VULCAN.11H ISOTOPE r 7 1 1 3 H  M A T E R I A L  1 / 4 X 1 2 H l O v 5 X .  

~ ~ H L A R E L . M X I ~ I I ~ I ~ ~ X ~ I  
119 F O K M A f I l H J )  
120 F O K M A T l 1 5 r 6 X , A 5 r 3 X ~ 7 E 1 3 . 5 )  
1 2 1  F O K M A T ( 1 7 H  SEUUENTIAL  IO = I 12 r15H VULCAN I D  = ,121 
1 2 2  F O H M A T I l H K ? 3 4 H  ARSOKPTION B Y  GKOUP ( H I G H  TO L 0 W ) I  
1 2 3  F O H M A T l 3 4 H  N U * F l S S I O N  BY GROUP I H I G H  T O  L O W ) )  
124 F O K M A T I I O H  F I S S I O N 1 6 X ~ 1 0 1 1 0 H Y I E L 0  1 / 1 5 H  PKOOIJCT 9 101 

1 4 H F K D M . I 3 + 3 X I )  
175 F O K M A T l 7 H  G K O U P v 1 2 1 8 H  NU F O K i / 7 X ~ 1 2 1 5 H  

1 2 6  F O K M A T ( 3 1 H  FLUXES BY GKOUP AN0 MESH P O I N T  

1 2 7  F O K M A T I I H J I ~ H  GKOUP -12) 

1 2 8  F O K M A T I l H K ~ 3 5 HTHESE AKE THE K A O I A L  POWER 

1 2 9  FORMAT124H FUH THE B A S I C  C E L L )  

1 3 0  FOKMAT122H FOK C E L L  NUMBER 1 1 2 )  

131 F O K M A T I 2 1 5 r 6 F 1 0 . 8 )  

133 F O R M A T I I H L I I ~ H  VOLUME SUM1F13.4r25H NOT EOUAL F 1 0 1 S T l r O I S T ? ) r F 1 3  


1.4) 
134 F O K M A T l 3 3 H  F I S S I O N  B Y  GHOUP IH14H TO L O W ) )  
1 3 5  F O K M A T l 1 2 A 6 )  
1 3 6  F O K M A T I ~ H P L I ~ ~ X I ~ ~ H C O N V E K S I U NK A T 1 0  VS. MESH I N T E K V A L  K A U I U S l  
1 3 7  F O H M A T l 2 H P L ~ 5 5 X ~ 5 3 H N O K M A L l Z E OPUWkK I N  I N T E K V A L  YS. MESH I N T E K V A L  

1 K A O I U S l  
1 3 8  F O K M A T l I 1 0 ~ 7 X ~ F H . 4 .  Y X ~ 2 5 1 1 3 ) / 3 4 X , 2 5 1 1 3 1 )  
1 3 9  FOKMAT(8E14.61 
140 F O H M A T k 1 5 r 2 X 1 1 2 F 8 . 3 1  
141 F O H M A T 1 7 X ~ E 1 0 ~ 5 r F 1 1 ~ 5 ~ F l 2 ~ 5 ~ F l ~ ~ 2 ~ F l 6 ~ 7 ~ F l 6 ~ 7 ~ ~ 1 1 . 5 ~  
1 4 2  F O R M A T l 7 H  T .12F8.3) 
1 4 3  F O K M A T 1 4 1 5 r A 5 1  
144 F O K M A T 1 2 1 1 0 ~ 1 7 r 4 X I A 5 1  
145 F O K M A T I Z I 1 0 ~ 2 HY 1 1 5 r 4 X i A 5 )  
146 F O H M A T l 1 5 ~ 2 H  l r A 5 . l H I r F 9 . 5 r 9 l F 1 0 . 5 ) I  
1 4 7  F O K M A T l 1 5 X ~ 1 0 1 1 H l ~ A 5 r l H ) r 3 X ) I  
148 F O H M A T I l H L , 4 1 H  D I M E N S I O N  S P E C I F I C A T I O N  IN.OUT TO T D S N / / )  
149 F O K M A T I 1 1 5 ~ F 1 0 . 6 , 1 5 1  
150 F O K M A T ~ I H L I ~ ~ HZONE VOLUMES/ /1BE14.6) )  

1 5 2  FOHMATIF15 .4 )  

1 5 3  F O R M A T 1 1 H L ~ 1 0 1 1 H + ) r b l H  A NON-ZERO F I S S I O N  CKOSS S E C T I O N  HAS B E E N  


I S U P P L I E D  FOR V I 0  r l 2 / l X 1 1 0 1 1 H * ) r 8 H  GKOUP r I 2 r 5 4 H  BUT NO NON-ZERO 
2NU VALUE I S  A V A I L A B L E .  THEREFORE T H I S / l X ~ 1 O ( I H + ) r 4 1 H  P A K T I C U L A H  N 
3 U  HAS BEEN SET EOUAL TO 2 - 5 )  

154 F O H M A T 1 l H K v 3 1 H  THE POWER FOK EACH CORE K E G I O N / I R E 1 4 . 6 ) 1  
156 F O K M A T 1 1 H 2 r l O 1 l H * ) r 3 1 H  THIS CIJMPLETES T I M E  I N T E K V A L  r I 2 1 4 H  O F  v i 2  

1 )  
1 5 7  F O K M A T 1 1 H L 1 1 U 1 1 H * ) ~ 6 2 H  THE FOLLOWING ATOM D E N S I T I E S  AND F L U X E S  AR 

1 E  FOR C E L L  NUMBER r I 2 1 4 H  OF , 1 2 1  
158 FORMAT17E10.6)  
159 F O H M A T 1 2 X 1 1 4 A 5 )  
160 F O K M A T I I H K I ~ B H  THE POWER FACTOR FOR T H I S  C E L L  IS r F 1 0 . 7 )  

END 

47 




S I B F T C  TTAf3LE DECK 

C 

C 
C 

c 
C 
C 

C 
C 
C 

C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBKOUTINE TABLE ( N I S O T , F I W A T T I A V U G A O ~ K F A S T )  
COMMON/SETl /  A T O E N ~ 1 9 0 ~ 4 0 ~ r C O N K A T 1 2 0 0 ~ r T D P O W ~ 2 O O ~ ~ V O L ~ 2 O O ~ ~ K R l 2 O O ~  

l r R A T R E F I 2 0 0 )  
COMMONISET2 I  F L U X ~ 3 8 0 0 ~ r S A N S N U 1 4 0 ~ 2 0 ~ r A B S I G l 4 0 ~ 2 O ~ ~ S S T ~ 2 0 ~ 2 0 ~ ~  

1 X N U I 1 2 v Z O I  
COMMON/SET3/ N M i K ~ 2 0 0 ~ r K A U M ~ 2 0 0 ~ r K b R 1 2 0 0 ) . D E L R 1 2 0 0 ~ ~ M ~ D K 2 1 4 0 0 ~ ~  

l N E M O ( 2 0 0 )  

S U P P L I E S  MOST COMMONLY USE0 TABULAK INFOKMATION 


6 U 2 3 6  

7 U23M 

n N P 2 3 Y  

9 PU23Y 


10 P U 2 4 0  

11 P U 2 4 l  

1 2  P U 2 4 2  

1 3  F l S S i O N  PROOUCT AGGREGATE I O K  1 N O l V l O U A L  PKOOUCT) 

14 X E 1 3 5  

1 5  SM14Y 

1 6  I 1 3 5  

1 7  PM14Y 

18 S P E C I A L  MATERIALS INCLIJOING A O O I T I O N A L  F.P. AGGKEGATES 


BUKNABLE POISONS 

REPEbTEO F I S S I U N A 8 L E  N U C L I D E S  

NON-DEPLETABLE NUCLIDES 

40 

DO 10 J F K = l r , 2 0  
00 10 L B J = 1 . 1 2  

10 	Y I J F K . L B J ) = O - 0  
YIPROOUCTISOUKCE)=FKACTIONAL Y I E L D  
EACH Y I l t X )  I S  ( l - - S U M  OF I N O I V I O U A L  Y I E L D S 1  
PROOUCT NUMBER 2 = X E - 1 3 5  
PRODUCT NUMBEK 3 = SM-149  
P-UUDllCT NUMBEH 4 = 1 - 1 3 5  

PROOUCT NUMBER 5 = PM-149 

Y l l r 3 ) = . 9 4 M l  


Y ( Z ~ Y l = . 0 0 1 7  

Y ~ 2 . 1 1 ) = . 0 0 2 0  

Y ( 3 , 3 ) = . 0 0 1 2  

Y ( 3 9 5 ) = . 0 0 1 3  

Y ( 3 . 9 1 = . 0 0 7 0  

Y(3 .111= .006  

Y ( 4 , 3 ) = . 0 4 2 6  

Y ( 4 ~ 5 1 = . 0 6 1 0  

Y 1 4 r Y l = . 0 7 0 0  

Y 149 . 1  1) =. U b O O  

Y ( 5 . 3 ) = . 0 0 5 0  

Y 1 5 , 5 ) = . 0 1 0 0  

Y 1 5 , 9 ) = . 0 1 0 0  

Y15 .111= .0100  

1F IKFAST.EQ.O)  GO T O  3 0  


20 	 Y l Z r 5 ) = . 0 0 2 5  
Y I 2 , 9 ) = . 0 0 Y O  
Y ( 3 1 5 1 = . 0 0 1 5  
Y ( 3 . 9 ) = . 0 0 3 5  
Y ( 4 1 5 ) = . 0 6 0 0  
Y 1 4 1 9 ) = . 0 6 0 0  
Y ( 5 1 5 1 = . 0 1 0 0  
Y ~ 5 , 9 ) = . 0 1 0 0  

GUESS 
GAFKAT C 
GAFKAT C 
GUESS 
GAKOOS C 
GAKOOS C 
GAKOOS C 
GUESS 
N S E 2 5  TN 
GENEKAL 
GAFKAT 
GUESS 
GAROOS 
GAKOOS 
GAKOOS 
GUESS 

GAFKAT C 
GAFKAT C 
GAFKAT C 
GAFKAT C 
GAFKAT 
GAFKAT 
GAFKAT 
GAFKAT 



C Y I l r 5 1 = . 9 2 6 0  
C Y ( l r 9 1 = . 9 1 7 5  

30 A T W G T l 1 1 = 2 3 2 . 1 1 1  
A T W G T I 2 ) = 2 3 3 . 1 1 4  
ATWGT(3)=233 .112  
A l W t i T ! ~ I = 2 3 4 . 1 1 4  
ATWGT151=235 .117  
A T W G T ( 6 ) = 2 3 6 . 1 2 0  
A T W G T ( 7 ) = 2 3 8 . 1 2 5  
A T W G T ( B I = Z 3 9 . 1 2 3  
A T W G T ( Y l = 2 3 Y . 1 2 7  
A T W G T I 1 0 1 = 2 4 0 . 1 2 9  
A T W G T l l l I = 2 4 1 . 1 3 1  
A T W t i T l 1 2 1 = 2 4 2 . 1 3 4  
DO YO L B J = l r N I S O T  
DECAY ( L B J  )=O.O 

YO THERNU(LHJ I=O.O 
THERNU(11=2.6 A N L 5 8 0 0  
T H E R N U ( 3 ) = 2 - 5 0 3  GATHEH 

C T H E R N U l 3 ) = 2 . 4 9 4  ATOMIC ENEKGY REVIEW VOL 3 =2 ( 1 9 6 0 )  
T H E K N U l 5 ) = 2 . 4 3  
THERNIJt  7 1 z2.60 A N L 5 8 0 0  
T H E R N U ( 9 ) = 2 . 8 8 2  

C T H E R N U l 9 1 1 2 . 8 7 1  ATOMIC ENERGY REVIEW VOL 3 = 2  1 1 Y 6 0 1  
T H E H N U ( l l ) = I - Y 8  

C THEKNUl111=2 .Y6Y ATOMIC ENERGY KEVIEW VOL 3 = 2  1 1 9 6 0 1  
F IWATT=3 .10  E 1 0  
AVf lGAD=6.0247 E 2 3  
D E C A Y ( 2 ) = 2 . Y 2 8  E-7 
VECAYIm!=3 .41U E-0  NU0 V 1 N 5  
D E C A Y ( l l ) = l . h 5 0  E-9  NUD V 1 N 5  
D E ~ A Y I 1 4 1 = 2 . 1 0  E - 5  
D E C A Y l 1 6 1 = 2 . 8 7  E-5 
DECAY1171=3 .63  E -6  
KETUKN 
END 
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IF IKCELL .GT.01  W U I T E l 6 . 1 3 4 1  K K E L L t K C E L L  
W K I T E l 6 r 1 3 6 1  

S I B F T C  ABFLUX DECK 
SUBROUTINE A B S P H I  
COMMON/SETl /  A T O E N l 1 Y 0 ~ 4 0 l r C O N K A T I 2 0 0 ~ ~ T O ~ O W ~ 2 O O ~ r V O L 1 2 0 0 ~ ~ K R ~ 2 0 0 1  

1 . R A T B F F 1 2 0 0 1  
-COHMflN/SET2/ F L U X 1  3 8 0 0 )  7 S A N S N U 1 4 0 ~ 2 0 1  r S S T 1 2 0 1 2 0 1 .r A B S I G 1 4 0 ~ 2 O l  
1 X N U ( 1 2 ~ 2 0 1  

COMMOl4/SET3/ N M I H ~ 2 0 0 ~ r K A U M l 2 0 0 l ~ ~ A K l 2 O O ~ ~ D E L R ~ 2 O O ~ ~ M ~ D K 2 l 4 O O l ~  
1NEYI I (  200 I 

C O M M O N / S E T 4 / A T W G T I 2 O ) r D E C A Y 1 4 0 ~  ~ T H E R N U ~ 4 0 ) ~ T N A M E 1 4 0 1 ~ F K A C T l 1 0 l r  
1NHPT (401, IOVIJLC I401  

C 

C CALCULATES ABSOLUTE FLUX NOKMALIZAT I O N  FACTOI( 

C 


1 0 7  F O K M A T I 1 H l l  
1 3 2  F O R M A T I l H L v 4 5 H  FOK THE START OF T I M E  I IUTEKVAL 

1 4 H  nF .I71 

1 3 6  FORI IAT I  l H L ~ 3 0 1 3 H * * * l  
I F I K T I M . E O . 1 1  W K I T E l 6 . 1 0 7 )  
VOLPGK=O.O 
F I S P H I = O . O  
00 10 IG=l.NC. 
FISPGK=O.O 
00 Y I M = l , N M  
FISMAC=O.O 
L O C = N M : l I G - l l + I M  
DO n IMAT=~.NISOT 
IO=; OVULCI  I M A T I  
IF~SANSNUIlUtlGl.tQ.O..OK.ATOENlIM~IOl.EU.O.~ GO TU 
FISMAC=FISMAC+ATOENIIMIIO)*SANSNUIIOIIGltFLUX~LOCI 
I F l V O L l I M l . L T . O . 1  GO T O  8 
V O L l I M I = - V O L ( I M )  
VOLPGK=VOLPGK-VOLI IM)  

8 CONTINUE 
I F I V O L ( I M ) . G T . O . l  GU TO Y 
F I S P G R = F I S P G K - F I S M A C ~ V O L l I M l  

NUMBER ,12, 

8 

9 CONTINUE 
F I S P H I = F I S P H I + F I S P G R  

10 CONTINUE 
F I S P H I = F I S P H I / V O L P G R  
DO 6 K=l .NM 
I F I V U L l K l . G E . O . 1  GO 
V O L I K ) = - V I l L I  K )  

6 C n N T l N l l F- - . . ... 

TO 6 

e ;  I- 2 4  IF N O K M = ~ F I W A T T r P U W t K / l V U L V ~ ~ ~ F l S , P H l ~ ~ ~ 1 0 .  
W K I T E l 6 . 1 3 6 1  
W K I T E l 6 r l 3 2 1  K T l M v N T l N C  
W K I T E 1 6 . 1 3 5 1  FNOKMiPOWEK 
IF IKCELL .GT.01  W U I T E l 6 . 1 3 4 1  K K E L L t K C E L L  
W K I T E l 6 r 1 3 6 1  
NGM=NG*NM 
DO 11 L f l C = l r N G M  

11 	F L u x I L O C ~ = F L U x ILOC)*FNOHM
AVPO W =PO W EK VU L V G U  
RETURN 
E N 0  
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% I B F T C  TXENON DECK 
SOBHOUTINE XENON I G A l N X E ~ G A l N S M ~ t i A l N l U ~ G A l N P M 7 A V t i X E 9 A V t i S M ~ A V G l O ,  

1 A V G P M I  
COMhON/SET l /  A T D E N l 1 Y 0 ~ 4 0 l r C O N H A T ~ 2 0 0 1 ~ T O ~ U W l 2 0 0 l r V O L l 2 0 U ~ ~ H K l 2 0 0 ~  

l r K A T B E F 1 2 0 0 1  
COMMON/SET2/ F L U X 1 3 B 0 0 ~ r S A N S N U 1 4 0 ~ 2 0 1 ~ A B S 1 t i 1 4 0 ~ 2 0 ~ ~ S S ~ 1 ~ 2 0 ~ 2 0 1 ,  

1 X N U 1 1 2 . 2 0 )  
COMMON/SET3/ NMIH1200lrKAlJMI200~rKAKI2001rOELKI200l~l~IDHZl4001r 

1 N E M O l Z 0 0 1  
C O t ~ M O N / S E T 4 / A T W G T l 2 O l r O E C A Y 1 4 0 1 r T H E ~ N U l 4 0 1 ~ T N A M E 1 4 0 I r F H A C T l l U l r  

1 N R P T I 4 0 1 ~ 1 U V l l L C 1 4 0 ~  
COMMON/SETS/ V U L A t l S l 4 0 )  , V U L F I S 1 4 U I  r V U L A M F l 4 0 1  r A U P H E V 1 4 0 17 1 U Y L U 1 1 U )  

1 r Y I 2 0 ~ 1 2 ) ~ K K O N I 2 O I  
COMMON/SETh/ NtivNM, N I  SOTI TOTVI IL  r F I  WATT ~POWEKIAVPOWI FNOH# 
C O M M O N / S E T 7 / N F I S r N S P M A T ~ N B P O l ~ N F R A C T ~ N Y O N U C ~ N F I K P T  
COMiMON/SETB/ D E L H K ~ K H A I N ~ A V U G A O , N Z ~ I ~ R , ~ O K U U T , ~ I ~ U U , I ~ l F F E U , N U I ~ D ~ L  
COMMON/SETlO/  KOMPIKOI\I~,.KUI;~LANU ,UELSEC ,MESrl 

C 
C CALCULATES E U U I L I B K I U M  PIJISUN CUNCENTHATIUN 4NV T I M E  AFTEK 
C SHUTDOWN O F  MAXIMUM XENUN CUNCENTHATIUN 
c 

101 F O K M A T l 7 3 H  E U I J I L I H K I I J M  CONCENTKATIUNS Oi- dAJUK F l S S I U I \ I  6'ULIIIUCTS 
1 I N  N U C L E l l B A H N ~ C M / 3 3 H  I F  T H E  CUKKENT PONE< L E V t L  O F  r E 1 0 . 5 r 2 1 H  
2WATTS I S  M A l N T A l N E O l  

1 0 2  F O K M 4 T l  l H K I 7 1 H  T I M E  AFTER SHIITDlIWN U N T I L  r4AXIMlJM XENUiV CONCENTH 
1 A T I I l N  1 5  K t A C H E U  = rFb .2JH HOIJHSI 

1 0 3  F O K M A T l l H K ~ 1 4 X , 1 4 H X E N U N - 1 3 5  q E 2 0 . 6 /  15X.14HSAMAHIUM-14Y .E2U. 
16/  1 5 X ~ 1 4 H I O D I N E - 1 3 5  r E 2 0 . 6 /  15X~14HPRUl~~ElHIUn-14VIEZ0.6) 

104 F O K M A T l 1 4 n  E U V I L I R K I U N  r 4 E 1 5 . 6 1  
1 0 5  F O R M A T l l H L ~ 5 1 H++ I T  SEEMS THE F L l l X  L E V E L  l S N , T  H l b H  FNOLJGH FUH 

1 4 4 H  ++ A V A L I D  T I M E  A F T E H  SHLJTOOWN C A L C N L A T I O M I  
106 F O K M A T I  55H THE XENON-135 CUNCENTHATIUN 1 P F A K )  A T  T H I S  T I M E  

1 1 s  v E 1 2 - 6 1  
C 
C 

E Y I U 0 = 6 A l N I U / I U E C A Y I 1 6 ~ + V U L A H S 1 1 6 ~ 1  
E l ~ X E N = l G A l N X E + U E C A Y l l b ~ * E ~ l O O ~ / l D E C A Y l 1 4 1 + V U L A B S I 1 4 ~1 
F O P K f l = S A l N r H /  IUECAY 1 1 7 ) + V U L A B S I  1 7 )  ) 

E U ~ A M = l G A l N S M + U E C A Y I 1 7 ~ ~ E U P K U l / V I l L A H S 1 1 5 1  

IF lMOH'Dl lT.LT.2I  GO TO 60 

I F l N F H A C T . E Q . 0 )  GO T O  3 0  

W R I T E l b r 1 0 4 )  E U X E N I E U S A M I E ~ ~ O D I E ~ ~ ~ U  

G'D TO 40 


30 	W H I T E l b r l O l )  P'DWEH 
W K I T E l b r l 0 3 1  EUXtN,FUSAM,EUIUD,EU~UO 

40 T E M ~ ~ 1 . - l D E C 4 Y l 1 4 1 - l l E C A Y l l 6 ~ ~ * E U X E N / l U i - C A Y l l 6 ~ * E U l O U ~  
IFITEMP.LT.O.1 GO TU IO 
T M A X ~ A L ~ l 6 1 l E ~ ~ P ~ U E C A Y l 1 4 ~ / D E C A Y l 1 6 ~~ / l U E C A Y I 1 4 1 - 1 ~ t C A Y l 1 6 1 1 / 3 6 0 0 .  
GO TO 2 0  

10 TMAXZ-1. 
20 	 W H I T E l h r l 0 2 1  TMAX 

I F  1 TMAX. L T .0.. AND. T PIAX. iuE .- 1 .) WH I T E 1 6 , l o  5 1 
T A F 5 t C = 36 U O  .iT PIA X 
C O Y M A X = l O F C A Y l  I b ~ ~ t V I O U / l D E C A Y l 1 4 ~ - D E C A Y l 1 6 ~I ) = I E X P l - T A F S t C I D E C A Y l  

l l b l I - E X P I - T A F S E C + D E C A Y l l 4 ~ l l + E U X E N ~ E X ~ l - T A F S E C i O E C A Y l 1 4 l 1  
W H l T E l b i l O b l  CONMAX 

60 A V G X E = A V G X E + E U X E N U V U L I M E S H )  
A V G S M = A V G S M + F I J S A M * V O L I M E S H l  
AVGIO=AVGIO+EUIOD~VULlMESHl 

A V G P M = A V G P I ~ + E U ~ H U V V O LIFiESHl  

5 0  KETURN 
END 
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S I B F T C  SELSH UECK 

C 
C 
C 

104 

200 

201  
500 

5 0 3  

5 0 2  

SUt)KOUTINE SSFINGVNTM)  

CALCULATES S S F  AND ADJUSTS CKOSS S E C T I O N S  

COMMON/SETl /  A T D E N l 1 9 0 ~ 4 0 ~ r C O N R A T 1 2 0 0 1 r T O P O W 1 2 O O ~ ~ V O L I 2 0 0 ~ r K R ~ 2 0 0 ~  
1 .RATREF12001  
-COMMON/SETZ/ F L U X 1 3 8 0 0 ~ r S A N S N U 1 4 0 ~ 2 0 ~ ~ A E S 1 ~ 1 4 0 ~ 2 0 ~ ~ S S T 1 2 0 ~ 2 0 ~ ~  
1 X N U 1 1 2 . 2 0 )  

COMMON/SET3/ N M I K 1 2 0 0  1 T K A U M I200 1 r K A K  1 2 0 0  1 r O E L K l 2 U O )  r M I D K 2  1 4 0 0 19 

l N E R U l 2 0 0 )  
C O l ~ M O N / S E T 4 / A T W G T l 2 0 ~ ~ D E C A Y l 4 0 1 r T H E K N U l 4 0 ~ ~ T N A M E 1 4 0 ~ 1 F K n C T ( 1 0 ) 1  

l N H P T 1 4 0 ) ~ I D V U L C 1 4 0 )  

COMMON/SET5/ V U L A B S 1 4 0 ~ ~ V U L F I S l 4 0 ~ r V V L I M F l 4 O ~ ~ A O ~ K E V I 4 O ~ ~ l D Y L D l l O ~  


l R G Y  ) / /  1 

FORMAT11HK114H VULCAiU I D  = r12r2X~9F10.6/115X~9F10.6)) 

IF lNTM.GT.1 )  KETUKN 

W K I T E l 6 ~ 1 0 3 )  

K E A D 1 5 r 1 0 0 1  NSSF 

R E A D 1 5 . 1 0 0 )  l J S M P T l I ) r I = l . N S S F )  

DO 201 I S F * l ~ M S S F  

K E A D l 5 r l O l )  ( S S T l I S F v J ) r J = l r N G )  

00 502 N S F = l r N S S F  

I S M = J S M A T ( N S F I  

00 5 0 3  M I t = l , N G  

A B S I G l I S M ~ l ~ I G l = A R S I G I 
ISMIMIGI:SSTINSFIMIG) 
SANSNUI  ISM,  M I G  I=SAl.lSNUl ISM,  M I  G ) * S S T  I N S F V M I G )  
W K I T E 1 6 r 1 0 4 1  J S ~ ~ A T I N S F ) r l S S T I N S F I J l r J = l r N G I  
CONTINUE 
KETURN 
END 
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COMMON/SET 

COMMON/SETb/  N G ~ N M ~ N I S O T ~ T O T V O L ~ F I U A T T ~ P O W E H ~ A V P U ~ ~ F N O R M  
C O l ~ H O N / S E T 7 / N F I S ~ ~ S P M A T ~ N B P O l ~ N F R A C T ~ h ~ U h U C ~ N F l K P T  . 
COMHON/SETB/ U E L ~ H ~ K H A l N i A V O G A O ~ N Z O h R l n J K O U T I M O O O U ~ U l F F E ~ ~ N U N O P L  
COMMON/SETY/ KTIMINTINC,KHELLIKCELL 

S I R F T C  BUHNT DECK 
S U B H n l l T I N E  RURNUP 

C 
C 

C PEHFOHMS A C T U A L  O E P L E T l O N t  POWEHI CONVEHSION H A T I U I  A N 0  

C F U E L  I N V E N T O K Y  C A L C U L A T I O N S  

C 

C 

C 


Cf lM#ON/SETL/  ATOENl1Y0~40lrCONKATl2OOl~TOPOW1200lrVOLl200l~KHl200l 
l r H A T R E F l 2 0 0 1  

COMMDN/SETZ/ F L U X l 3 ~ O O I r S A N S N U l 4 0 r Z O l r A 0 S I t i l 4 O ~ Z O l ~ S S T l Z O ~ 2 O l ~  
1 X N U 1 1 2 . 2 U l  

COMMON/SET3/ NMIHl200l~RAUMlZ00lrHAHl2001rOELKlZ00lrHIOK2l400~~ 
1 N E M O l 2 0 0 1  

C f l I ~ M ~ N / S E T 4 / A T W G T l 2 O l ~ D E C A Y l 4 0 l r T H E H N U l 4 0 l r T N A M E l 4 0 l r F H A C T l 1 O 1 ~  
1NRP T 1 4 0  1 ...I O V U l ~ CI 4 0  I_. 

COMMON/SET5/ V U L A R S l 4 0 l ~ V U L F I S l 4 0 l ~ V U L A M F l 4 O l ~ A O P K t V l 4 O l ~ l O Y L O l ~ O ~  
. ~ 1 7 n .I 7 I . K U ~ N I  m i1 r Y l 7 O ~ 1 Z l ~ K R O N l 2 O lI. . .... .- . . . - .. - . 

COMMON/SETb/  N G ~ N M ~ N I S O T ~ T O T V O L ~ F I U A T T ~ P O W E H ~ A V P U ~ ~ F N O R M  
C O l ~ H O N / S E T 7 / N F I S ~ ~ S P M A T ~ N B P O l ~ N F R A C T ~ h ~ U h U C ~ N F l K P T. 
COMHON/SETB/ U E L ~ H ~ K H A l N i A V O b A O ~ N Z O h R l n J K O U T I M O O O U ~ U l F F E ~ ~ N U N O P L  

COMMON/SETY/ KTIMINTINC,KHELLIKCELL 

COMMON/SETlO/  K O M P I K O N G ~ K O G ~ L A N U ~ O E L S E C ~ M E S H  

C O M M O N / S E T l l /  N S S F v J S M A T l Z O I  

D I M E N S I O N  F P I M l 4 0 1  ~ F A l > I N 1 4 0 1 
~REtiMASl121rFINMASl121rPUISON1401 

D I M E N S I O N  X N U M E H l 1 0 l r G A M S P 1 2 0 l r  T F H A P l 4 0 l r T A X l 4 0 1  
D I H E N S I O N  P H � O E N l 4 0 l ~ P I 2 E N 1 4 0 l I V O L L o  

C 
C I I g 1 T  I A L I  ZAT I O N  
C 

AVGXE=O.O 

AVGSM=O.O 

AVGIfl=O.U 

AVGP M =  0. U 

00 315 J A U = l r N I S O 1  

TFKAPlJAOI=O.O 

PHEO E N  l J b l l l  =O.O 

P I  ZE ,N l  J A O I  =U. 0 


3 1 5  	V f l L L I J A U I = O . O  
DO 50 M E S H = l r N M  
K A T B t F I M E S H I = U . u  
CONHAT l MESH1=O.O 
TOPOWlMESHl=O.O 

5 0  	CIIIUTIEIUE 
M t Z H = 1~~ ~ 

P t l K O L = O . O  
I t i L o n - u  
PuUK=O.O 
ion 2 ~ = 1 , 1 2  
REGMbSIL I=O.O 

2 	 F I N M A S l L I = O . O  
BMASS=O.O 
F MA 5 5 = 0.0  
T co t< sn =o .o 
I O t  51B =O. I1 
THHEF=U.U 
MUF=U 
KrIOL = K U n L  + 1 
I IELStC=36UO.VUELHK 
5E CUNlJ= u E L S t C  

C 

C B E b l N N l N b  I IF M t S H  I T E H A l I U N  

C 

1 	CUlUTlNLlE 
KlllUG=U 
K U G = l  
KU14P=1 
LANO=U 
KI.IIN=O 
J b L P = U  
J l l M t = U  

11 	IJU 1 3  I U U = l r N l S O T  
I l J = I U V U L C l  I l l 0 1  
V I I L A t l S l  I I J l=U.U 
V U L F  I S I 11) I =u.u 
V I I L A M F I  I f l )=U.U 
IJU 14 I L = l v N C ?  
L I IC=Nf I *  I I G - 1  1 + M t S H  
V U L A ~ S l I U l = V l l L A ~ S I 1 U l + A B S I ~ l I O ~ I G l r F L U X l L U C l  

14 V U L F  I S I I U l  = V l I L F I  S I  I U l + F L U X  l L U G 1+SANSNII I I D t  161 
13 V U L A ~ F I I U I = V U L A H S l I D I - V U L ~ I S l I U I  

DENfl,Y=U.U 

uu 3 I l ) = l r l 2  

IFlATUENlMtSH~IUI.NE.O.1 GO T U  4 


3 	 CIJIUTINIJE 
1)II 365 K , J K A N = ~ , N I S U T  
I U = I  OVULC I KLIUANI 
I F l A T 0 E N I M E S H r l D I . N E . U ~ ~ A N ~ ~ N H P 1 l K U ~ A N 1 ~ N E . 0 ~4l iU T U  

3 6 5  	C I l N T I N U t  
I P I N R P I l I . E U . U I  till T U  3HO 
JALP=NSVMAT+18  
J l I b lE=JAL P + N 8 P  U I - I  
OIJ 381 KIICH=.lALPvJUHf-
I F l A T O E N l M E S H ~ K U C H 1 . E U . O . )  ti0 T U  3 8 1  

C K L U N = l  I N U l C A T t S  THAT A B U H N A e L E  P O I S U N  WILL B E  CONSIDEUEO 
C I N  THE CUKHENT n E S H  

K L U N = l  
GO T I 1  35 

381 C O N T I N U E  
380 MSIIM=U 

011 10 KbT= l ,NZUNK 
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M S l J M ~ l ~ ~ S U M + N M I K ~ K 4 T l  
I i l M S U M . E l J . l I I E S H - I l l  GIJ 

I O  	C U N T I N U E  
W K I l E l 6 . 1 5 1 1  IISUM,MESH-
GO TI1 3 5  

4 C U N T I N U E  
I F l N B P l J ~ . E O . O l  I iU TU I Y  
JA4=NSPm4T+ lU  
J Z Z = J A A + N H P O I - l  
DU 413 L U U K = J A A f J Z Z  
I F I 4 T O E N I m E S H . L l ) U K I . E U . O . l  
K L I ) N = l  
CIJ TU 151 

413 C U N T I N U E  

TU 3 5  

ti0 TU 4 1 3  

151 	 IFIKHAlN.GT..11 C A L L  F I S E U Z I $ Y l  
C A L L  F I S t U l l b Y l  

C 
C F I S S I L I N  Y I E L U S  I G A M M I I  
C 

c 
C 

c 
c 

C 
C 
C 

C 

C 
C 
C 
C 
C 

C 
C 
C 

Y 	 DO 2 1  J N = I , N F I S  
1 O = 1  OY L U I  J w l  
IFIYFIKPT.EU.U.UW.AUPHEVlIU).NE.O.I GU TU 361 
DO 360 K A U = l r N I S U T  
I F I I N ~ ~ T l K A U ~ - 1 U ~ . N t . 1 U I40 T O  360 
K f l N t = I O V I J L C  I K A U I  
XNUMEK I JUT- I AUPKEVL KlJNE I+~TO~NLP!ESH,KONE I 1 *VULFI  S I  KUNE 112.  
GO TU 2 1  

360 C l l N T l N U E  
3 6 1  X N l l M E K I J l J ~ = l A D P H E V I  I U I + ~ T D E N I M E S H I I U I ) ~ V U L F I S I ~ U I / ~ .  
21 U t N l J I 4 ~ D E N U M + X N U M ~ ~ ~ l J ~ l  

OENUM=TUTAL F I S S I O N  K A T t  VEH 64KN-CM F U K  I S U T U V E S  W I T H  
C U N S I  UENEU Y I E L U S  

IF l r ) tN ! l " I .EU.O.~  GO TU 35 
GAMFP'PO.0 
GA MX E =0.0 
GAMSM=O.O 
GdMIOD=O.O 
GAwPM=O.O 
DO 26 J I G = l , N S P M A T  

26 	h A M S P l J l ( , l = O . O  
DO 20 I U = l r N F I S  
K L I = I I l Y L U I  I l J I  
GAMXE=GAMXt+XNU~~lEUI 101r iY 12  ,KU 1 /UENUM 
4 A 14 S rl =G 4M SMC XN Ur*IE H II U 1 'iY I3 .  K u ) / U ENU14 

JUG=J I [,+b 
2 7 GAMSP IJ I G I =GAMS P I J I G I +XNWIEK I1IJ) *Y I J O L  ,KO ) /I) CNUil 
2 0  GAMFP=GAMFP+XNUMEKI I U l * Y l l r K I J I / U E N U M  

G 4 I INX E = LA nX C-T U  t NU i l  

G A l  N I I J = G A M ~ I J U * U E N U P ~  
G A I N Sm = [; A n5 N* IJE N U~1 

GA 1 NPM=GAMPh*llENUM 

FlSS lOlV PROUUCT AGLKEGATE I U K  I N O I V I U U 4 L  P K U D U C T I  

AUPK EV I1 3  I = 4 T  UEIV IMESH, 1 3  
A T U ~ N I M E S H , ~ ~ ~ = ~ G A M ~ P ~ D ~ N O M / V U L ~ B S ~ ~ ~ ~ ~ . - ~ X P I - U E L S E C ~ V U L A ~ S ~ ~ ~ ~  

1 	I I + A I l P K E ~ I I1 3  I * E X P I  -UELSEC*VULAHS 1 1 3 )  1 
I i t M = O  
IF lMOKI I IJT .LT.2 I  GO TU 44 
ilL( I 1 E Ib v 1U I 1 
NU 1 I F  Ib r  112 I M t S H  
W K I  I F 1 6 7 1 1 U l  

44 IFINCH~CT.~U.O) GO 111 3 4  
3 1  I T t m = I T t ~ l + l  

l F l l l E M . ~ ~ I - l l(rU TU 40 
O t  L SPC = 3 6 ~ 1 0 .*( 11t L H K U b KA C  T I I T  EM I 
(.u ru 41 

40 D E L S E C ~ 3 6 O O ~ ~ U ~ L H 4 * l F ~ A C T lI T E M ) - F K A C T  I I T t M - 1 )  I 
41 	 1 F I I T E M . L T . I l  GU TU 3 4  

5 A V X E = A 1U tN I I4  E SH t 1 4  I 
S A V l O = A T U E N I M E S H ~ 1 6 1  
S A V S M = A T U E N I M E S H I ~ ~ I  
S A V P M = A T U E N I M E S H ~ 1 7 1  
IF lk l lKOUT. I .T .2 I  GU TU 3 4  
IWK I T E 1 6  > 1 0 2  I 

E X P L I C I T  Y I E L U  AND UEC4Y P O I S U N S  

P1414Y 

3 4  	A D P K E V l 1 7 ~ = A T O E N l M t S H ~ 1 7 ~  
GAMTnS=O.O 
GAMTOX EO. 0 
A T U E N l M E S H 1 1 7 l = A O P K E V l l 7 ~ ~ E X P l - O E L S E C - I D E C A Y l l 7 l + V u L A ~ S l l 7 l  1 1  

l + I 1 ~ 4 1 N P M / I U E C A Y L 1 7 1 + V l J L 4 R S l 1 7 l 1 l * l l ~ - E X P I - D E L S E C * I D E C 4 Y I 1 7 l +  
Z V I J L A R S 1 1 7 ) 1 1 1  

S M 1 4 Y  

ADPHEV I 1 5  I = A T U t N I  ~ I E S H II5 1 
I F l A T D E N l M E S H ~ 1 7 ) . N E . ~ ~ lGO TU 5 0 0  
G4 iy TO S =GA I N PM + GA I INS M 
A T U E N l M E S H ~ 1 5 ~ ~ l 4 D P R E V l l 5 l ~ E X P l - U E L S E C ~ V U L A ~ S l 1 5 1 ~ + G A M T U S *  

1 l 1 . - E X P l - D E L S E C * V U L A ~ S l 1 5 ~ l l l / V U L 4 B S I 1 5 ~  
GO i n  520 
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500 A T D E N I M E S H ~ 1 5 ) =  D E C A Y i 1 7 ) *  ~ A O P K E V 1 1 7 ) ~ ~ 0 E C A Y I 1 7 ) + V V L b B S ( 1 7 1 1 ­
1 G A l N P M ~ / l i O E C A Y l 1 7 ~ + V U L A B S i 1 7 ~ ~ P i V U L A ~ S 1 1 5 ~ - O E C A Y I 1 7 ) - V U L A B S l 1 7 ~ 1 ~  
2 ? l E X P i - O E L S E C ~ l O E C A Y i l 7 ~ + V U L A B S ~ l 7 ~ ) ) - E X ~ l - O E L ~ S E C * V U L A B S l l 5 ~ ~ ~  
3 + I G A I N S M ~ l U E C A Y ~ 1 7 1 + V U L A 8 S l 1 7 ~ ~ + G A I N P ~ l ~ O E C A Y ~ l 7 ~ ~ /  
4( IDECAY I I 7  ) + V U L A R S I  17 )  I 

A O P K E V i 1 5 l *  
6 E X P l - O E L S E C ~ V I I L A t ) S l l 5 ) )  

C 
C 1135 

5 ~ V U L A ~ S l 1 5 ~ 1 ~ i 1 . - E X P i - O E L S E C * V U L A B S l 1 5 ~ 1 1 +  

U L A R S i 1 6 ) ) ) )  
C 
C X E 1 3 5  
C 

30 	A O P H E V 1 1 4 l ~ A T O E N I M E S H 1 1 4 ~  
I F i A T O E N I M E S H . I 6 ) . N E . O . )  GO TO 510 
GAMTOX=GA I N I I l + G A  I NXE 
A T D E N l M E S H , 1 4 ~ = l A O P K E V I I 4 1 ~ E X P ~ - O E L S E C t l O E C A Y l l 4 ~ + V U L A B S l 1 4 ~ ~ ~ +  

1 G A ~ T O X * l l . - E X P I - O E L S E C ~ I O E C A Y I 1 4 ~ + V I I L A B S I 1 4 ~ ~ ~ ~ ~ / I O E C A Y I 1 4 ~ + V U L A B S  
2 ( 1 4 1 )  

GO TO 5 3 0  
5 1 0  A T D E N I M E S n r 1 4 ~ = O E C A Y l l 6 ~ * l A O P R E V l 1 6 1 * l U E C A Y l 1 6 ~ + V U L A R S I l 6 1 ~ - G A I N I O  

I 1  / I l O E C A Y I 1 6 ~ + V U L A B S i 1 6 1 l * l O E C A Y l 1 4 ~ + V U L A ~ S l 1 4 ~  - 0 E C A Y I I 6 l  
2 - V U L A B S I I h l  ~ I ~ l E X P l - O E L S E C * l O E C A Y l l 6 l + V l I L A R S l I 6 l ~ l - E X P i - O E L S E C  
3 ? l ~ E C A Y I 1 4 1 + V U L A R S i 1 4 ) )I ) + l l ; A l N X E * l O E C A Y i l 6 l + V I I L A 0 S I 1 6 1  I + G A I N I U *  
4 l l E C A Y l 1 h ~ ~ / l I U E C A Y I 1 6 1 + V U L A 8 S l l 6 l ~ ~
51UECAYI14)+VULAHSl14))) * I 1 . - E X P I - D E L S E C * I D E C A Y l 1 4 1 + V U L A B S I 1 4  
6 ~ l ~ l + A I ~ P K F V I 1 4 ~ * E X P l - O E L S E C ~ ~ U E C A Y I 1 4 ~ + V l I L A 0 S 1 1 4 ~ ~ ~  

5 3 0  	IF~UELSEC.EW.SECOIUL]I GO T O  3tl 
I F i N F R A C T . E U . 0 )  GU T O  3 t l  
I F l I 4 f l H ~ l U T . L T . Z l  GO TO 3 0 0  
k R I T F ( 6 . 1 0 1 1  F K A C T I I T E M ~ r A T O E N I M E S H ~ 1 4 ~ . A T O E N l ~ ~ E S H ~ l 5 l r A T O E N l h E S H ~  

116 1 ,ATOEK IMESH, 1 7  ) 
300 	 I F I I 1 E M . L l . N F K A C T )  GO T U  3 7  

O t L S E C = S t C U N D  
A lOENiMESH,141=SAVXE 
AT OEN IM E S H  7 1 5 1 =SA VSM 
A T D E N I M F S H r l 6 1 = S A V I O  
A 1 UEN IME SH , 1 7  1 =SA V Pi4 
GO TO 3 4  

3H C A L L  XENON I G A I N X E ~ G A l N S M ~ G A l N I O ~ G A l N P M ~ A V L X E ~ A V L S M ~ A V G l U ~ A V G P M ~  
GO TU 3 9  

L 
t S P E C I A L  M A T E K I A L S  l N C L U O I N G  F I S S I O N  P&UDUCT AGLKEGATES 
C 

3 5  00 4 2  NOO=1.17 
4 2  ADPKEViNUOlzO.0  

IFIKLON.EW.0)  GO TU 3 H 2  
W K l l  E 1 6 7  1 0 7 )  
WH I TE ( b r  1 1 2  1 MESH 
W K I T E l 6 r l b 4 )  
GO TO 3 9  

3HZ L U S H = M E S H + N ~ I I K I K A T + 1 ) - 1  
I F I M f l 4 0 U T . L T . 2 1  GO T O  3 Y  
W H  I TF 1 6  v 1 0 7  1 
I F i N M I R I K A T + 1 I . E 0 . 1 1  GU T O  4 3  
W R I T E l 6 . 1 5 7 )  MESH,LUSH 
W R I T F l 6 . 1 5 3 )  MESHILUSH 
GO TO 39 

4 3  	W R I T E 1 6 . 1 1 2 1  MESH 
W R I T E l 6 ~ 1 0 0 )MESH 

3 9  	DO 3 h 2  KOT=l.NISOT 
J O T = l  DVIJLC I K O T  1 
I F l J O T . L E . 1 7 1  GO TU 3 6 2  
I F ~ N R P T I K O T I . N E . O . A N D . A T O E N ~ M E ~ H ~ J O T 1 . N E . O . I  LU  T U  3 6 2  
A O P R t V l  J l l l  I * A T U E N I M E S H I J O T I  

3 6 2  	C O ' U T I F I U t  
1FIOENUM.EU.O.I GO T O  3 3  
I F l N S P M A l . E U . 0 )  GO T O  3 3  
U U  3 1  I V = I . N S P M A T  
OACKUN=O.O 
O A C K O N = K K O N l I V )  
N r w = i v + i.I. .. - 7 

A O P K E V I N O N ) = A T O E N l M E S H I N O "  
A T O E N ~ M E S H ~ N O N ~ = l l G A M S P i I V ~ * O E N U M + i i A T U E N I M E S ~ ~ N U N - l ~ +  

1 AUPXEV(NON-1)I~VULABSINON-1)/2.14 OACKON) / V U L A B S l N O N ) ) *  
2 l 1 . - E X P I - U E L S E C ~ V U L A 0 S l N O N ~ 1 I + A O P K E V I N U N I ~ E X P i - O E L S E C ~ V U L A ~ S l N O N l ~  

3 1  CLlNTlNUE 
C 
C K K U N ( I 1  I S  THE KKONECKEK DELTA--EOUAL T U  1 I F  S P E C I A L  M A T E K I A L I I )  
C I S  A DECAY PKOOUCT OF THE S P E C I A L  M A T E K I A L I I - - 1 )  AND EUUAL TU 
C ZFKO O T H E K W I S t  
c 

3 3  	DO 96 I S E U = L r N I S O T  
P O l S O N I I S E U ) = O . O  

96  	FP I M I  I SEI]) =O. 0 
1 F i N R P O I . E U . O I  GO TU 4 8  
IF lKLON.EU.01 GO TO 48 

403 	 DO 3 2  L U P = I I N ~ P O I  
LOnP=LUP+NSPMAT+17 
ADPREV ILI IOP 1 =ATDEN1 MESHILUUP 1 
A T n E N i M E S H ~ L O U P I = A O P R E V ( L O O P I I E X P I - D E L S E C * V U L A 8 S l L D O P ~ I  

32 CONTINIJE 

48  IF1llENOM.EU.O.) GO T O  YO 
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r: 
*; C I J H V C K S I ~ I NH A T t  AT THE S T A K r  OF THE T I M E  I N T t K V A L  
c 

CnNSHf=O,O 

.. . . . . . . . .  

GO T n  1 3 4 Z r 3 4 4 , 3 4 3 r  34Zr ~ + ? r 3 4 3 r 3 4 2 
t 3 4 4 1 3 4 3 1 3 4 2 1 5 * 3 ~ 3 4 3 f v K K O G  

342 CUNSHE=ClINSRE+AOPKEV1 I b T l * V U C A M F (  I G T  I 

I, 
r; 
r. 

5 
c 
c 
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DO 322 N I T E = l . N I S O T  
M I T E = I O V U L C 1 N I T E l  

3 2 2  P R E O E N ~ N I T E l = A O P R E V l M l T E l ~ V O L O + P K E D E N ~ N l T E l  
321 	C O N T I N U E  

MESH=LUSH 
3 2 0  	MESH=MESH+l 

I F ( M E S H - L E - N M 1  GO TO 1 
POWIW=POWEK 
NDNE=KTIM-1 
I F(NONEIGT. 1I WR I T E (  6 9 107I 
W R I T E ( 6 , 1 5 6 1  NONE 
C A L L  A B S P H I  

C 

C PKOOUCTION R A T E  OF F I S S I O N A B L E  M A T E K I A L  

C U S I N G  NElJ F L U X  L E V E L  A T  END O F  I N T E K V A L  

C 

SPACE=O.O 
DO 87 VESH=l.NM 
TOPO\I~MESHl=TOPOW~MESHl*FNOKM 

I F ~ T O P O W l M E S H l . N E . O ~ l  SPACE=SPACE+VOLlMESHl 

00 8 5  I O T A = l . N I S D T  

I O = I O V U L C ~ I O T A l  

VULABS ( IO I =O. 0 

V U L F I S l I O l = O - O  

V U L A I I F (  IO I =O. 0 

DO 86 IG= l ,NG 

L O C = N M s ( I G - l l + M E S H  

V U L A B S ~ I D l = V U L A B S ~ I O l + A B S l G l I D I I G ) ~ F L U X ~ L D C l  

86 VULFIS~IOl=VULFISlIDl+FLUX~LOCl~SANSNU~lD~lGl 
85 V U L A f I F ~ I O l = V U L A ~ S l I D ) - V U L F l S ~ l D l  

PKOO=O.O 

PRO0 = A T O E N l M E S H ~ l l ~ V U L A H F o t n T D E N l f i ~ S H I 7 ) P V U L A M F l 7 l +  


1 A T O E N l M E S H ~ 4 l ~ V U L D M F l 4 l + A T D E N O c V U L A M F ~ l O l  
C 

C D E S T K U C T I O N  K A T E  OF F I S S I O N A B L E  M A T E R I A L  

C 


OEST=O.O 
OEST = A T O E N ~ M E S H . 3 I ~ V U L A B S ~ 3 I + A T O E N O = V U L A B S I 5 I  

1 + A T D E N l M E S H ~ 9 l ~ V U L A B S O + A T D E N ~ M E S H ~ l l l ~ V U L A B S ~ l l l + A T O E N ~ M E S H ~ 2 l  
2 ~ V U L A 8 S ~ Z l ~ O E C A Y l Z l / ( D E C A Y l 2 l + V U L A B S l Z l l + A T D E N l M E S H ~ 8 l ~  
3 V U L A ~ S ~ 8 l ~ O E C A Y ~ 8 l / ( D E C A Y O t V U L A B S ~ B l l  

IF lNFIK l 'T .EQ.01 GO TO 3 5 0  

00 3 5 1  NWT=l.NLSOT 

I F l N K P T ~ N W T l . E Q . 0 1  GO T O  3 5 1  

IGT=EOVULC(NWTl  

KROGzNRPT(NWT1-10 

GO TO 1 3 5 2 ~ 3 5 4 ~ 3 5 3 r 3 5 2 ~ 3 5 3 r 3 5 3 r 3 5 3 ~ 3 5 Z ~ 3 5 4 , 3 5 3 ~ 3 5 2 ~ 3 5 3 ~ 3 5 3 1 ~ K K 0 ~  


352 	PROO=PROO+ATOEN(MESHt I G T l * V U L A M F l  I G T  I 
GO TO 351 

353 DEST=DEST+ATDENIMESH~IGTl~VULABS~lGTl 
GO TO 3 5 1  

3 5 4  D E S T = O E S T + A T O E N 1 N E S H I I G T ) F V U L A B S ~ l G T l ~ D E C A Y ~ K K O G l / ~ D E C A Y ~ K K O G ~ +  
1 V U L A B S I I G T I I  

3 5 1  C O N T I N U E  
350 TPKOO=TPROO+PKOOWOL~MESHl 

T D E S T = T O E S T + O E S T ~ V O L O  
I F I O E S T - E O - 0 . 1  GO TO 97 

C 
C CONVERSION R A T E  OF F I S S I O N A B L E  H A T E K I A L  
c 

CONRAT~MESHl=PROO/DEST 
GO TO 98 

97 C O N K A T ( f i E S H l = O - O  
98 TCONV=O.O 

IF(TOEST.EV.O.I GO TO a i  
TCONV=TPKOO/TOEST 

87 	C O N T I N U E  
AVGXE=AVGXE/SPACE 
AVGSM=AVGSM/SPACE 
AVGIO=AVGIO/SPACE 
AVGPM=AVGPM/SPACE 
F I G L O O = I G L O O  
I F ( N F 1 K P T - L E - 0 1  GO TO 370 
00 371 J A R = l r N I S O T  
I F ( N F P T l J A U l - L E . O l  GO TO 371 
~ A T T E = N R ? T l J A R l - 1 0  
fl0 410 L O C H = l r N I S O T  
IFlM&TTE.EU.IOVULCLLDCHIl GO TO 411 

410 C O N T I N U E  
411 TFRAPlLOCHl=TFRAPILOCHl+TFKAP~JAKl 
3 7 1  C O N T I N U E  
370 00 83 JAM=l.PIISOT 

8 3  TFKAPIJAMl=TFKAPlJAMl/POUK 
DO 73 I O = l v N I S O T  

73 	T A X l I D l = O - O  
DO 7L M E S H = l r N M  
DO 74 K E N = l , N I S O T  
I D = I O V U L C ( K E N l
IF(ATDEN(MESH.IDl.NE.O.1 V O L L ~ K E N l = V O L L l K E N l + V O L O  

74 	T A X l K E N l = T A X ~ K E N l + A T D E N l M E S H ~ l O l ~ V O L ~ M E S H l  
K T L = K T I M - l  
W R I T E 1 6 . 1 0 5 1  K T L  
W K I T E l 6 . 1 2 1 1  
DO 8 0  N U I D = l , N I S O T  
I D = I D V U L C ( N O I O l  
W R I T E 1 6 . 1 0 4 1  IO 
W R I T E l 6 ~ 1 0 6 1  IATOEN~IMESH.IDlrlMESH=lrNMltTAX~NUIOl 

80 	C O N T I N U E  
W K I T E ( h i l l 3 1  KTLI ( R A T B E F I  I O N 1  r I D N = l . N M I  
W K I T E ( 6 ~ 1 1 4 1  K T L ~ l C O N R A T ~ I D N l ~ I O N ~ l ~ N f i l  
W R I T E 1 6 r l O Y l  
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5 5 0  

t 1 M  

330 


3 0 1  

3 1 1  

3 1 2  

W K I T E l 6 . 1 1 7 )  

00 550 JMESH=l ,NM 

T U P O W ~ J M E S H ~ = T U P O W l J M E S H ~ / V O L ~ J M E S H ~  

WKI  T E l 6 ,  1 0 6 )  IT ( IPuWI  JMESH) . JMESH= l  .NMI ,POWEK 

00 8 H  J E K K - l r N N I  

TOPUWlJERKI=T [ IPUW(  J E R K ) /  AVPOW 

N U  I 1E I6 117 ) 

W R I  T E 1 6 9  1 1 5  1 

W H I T E 1 6 . 1 1 7 )  

W K I T E l 6 . 1 0 6 1  ITOPOWIJMESH).JMESH=l~NM).AVPOW 

W S I T E l 6 . l l O l  

W R I T E ( 6 . 1 1 9 1  POWEH 

W K I T E 1 6 ~ 1 1 H l  AVGXtrAVGSMvAVGIU,AVGPM 

W K I T E l 6 ~ 1 1 1 
I 
DO 3 3 0  1 0 = l r N I S O T  

NOW=IOVULCI  IO) 

IF INOW.GT. I? I  GO TO 330 

W K l T E l h ,  l 5 8 i  TNAMEINOWI ~ H E 6 M A S l N U W l 
.F INMAS(NOW)  
C l l N T  I N l l F. .. 
OiJ 301 I U = l ~ N I S O T  

P l Z E N l  I D l = P l Z E N l  I r J l / P E T H O L  

P K E D E N I I D I - P K E U E N I  I O ) / V O L L I I U )  

T A X ( I D ) = T A X I  I U I / v O L L ( 1 D l  

W K I T F ( h ,  10.1 I 


J S FIJ = I IDVIJLC I I U I 

I F I P K E D E N l l ~ I . E I J . 0 . ' )  GO TO 3 1 3  


T F R A P ( I O 1  

X S U = T A X l I U I / P K E U E N I I D )  
GO TO 310 

3 1 3  XSU=O.O 
3 1 0  W H I T E ( 6 . 1 2 0 )  T N A M E ~ J S E O I ~ J S E U ~ P H E O E N l ~ O l ~ T A X ~ l O ~ r X S U ~ P I Z E N I I O ~  

DO ti4 L A W N = l r l 2  
BMA 55  = 8 MA S 5 +HE GMb 5 ( L AWN ) 

8 4  F MA 5 S= F MA 5 S C  F I NMA 5 I LAWN I 
HEG L B =2.2 U46i: M 14 ASS 
FINLB=Z.Z046*FMASS 
O E ~ ~ B U K = 2 2 0 0 . * P O W E K ~ D E L H K / l 2 4 . ~ l H E G L B - F I N L H l l * l O . ~ ~ ~ - 6 ~  
W K I T E ( 6 r l l b )  
WRITE ( 6 7  1 4 0 )  RMASS. FldASS 
W K I l E l h r l 4 1 )  BEGLHIF INLB 
W H I T t l 6 . 1 0 M )  TKBEFITCONV 
W K I T E 1 6 . 1 0 3 1  P O W l l Q r  POUH 
WKI TE 1 6 7  1 5 4 )  DEGBUR 

C 
100 F O K M A T I l H L ~ M O H  NO F I S S I O N A B L E  ISOTOPES OK CONSEOUENT F I S S I O N  PRO0 

1UCTS OCCUH I N  MESH I N T E R V A L  ,141 
101 F O K M A T I F Y ~ Z r 5 X ~ 4 E 1 5 ~ b l  
1 0 2  FOKMAT171H F I S S I O N  PRODUCT CONCENTKATIUNS AT V A K I O U S  F K A C T I O N S  0 

1 F  THE T I M k  S T E P / / 1 2 H  F K A C T I O N ~ Y X , 5 H X E 1 3 5 ~ l O X ~ 5 H S M l 4 Y ~ l O X ~ 5 H I13 
2 5 . 1 0 X v 5 H P M 1 4 9 1  

1 0 3  F O K M A T l l H K ? 2 4 n  TOTAL POWEK I N  W A T T S , 1 0 X 1 E 1 2 . 6 . 1 0 X ~ E 1 2 ~ 6 1  
104 F O ~ M A T I ~ H L I ~ ~ HVULCAN IO = 7 1 2 )  
1 0 5  F I J K M b T ( l H l r M 4 H  NEW ATOM D E N S I T I E S  B Y  MESH I N T E K V A L  FOR EACH I S U T  

l O P E  AT THE ENU OF T I M E  I N T E K V A L  r I 2 )  
106 F O K M A T ( 8 E 1 4 . 6 1  

1 0 7  FOKMAT ( 1 H l  ) 

1 0 8  F O K M A T l l H K ~ 2 4 H  CONVEHSION K A T I U  r 1 0 X ~ E 1 2 . 6 r 1 0 X ~ E 1 2 . 6 1  

109 F O K M A T ( l H K v 3 4 H  BY M t S H  I N T E K V A L  THE PUWtK 1 5  ) 

110 F O H M A T l l H K )  

111 F l I K M A T ( l H l r 6 4 H  F I S S I U N A H L E  I N I T I A L  MASS I N  F I N A L  MASS I N  

1 F K A C T I U N A L / ~ X ~ ~ H I S O T O P E ~ Y X ~ Y H K ~ L O G R A M S , Y X ~ ~ H K ~ L O ~ ~ H A M S ~ Y X ~ ~ H P U W E ~  
2 / )  

112 F O R M A T ( l O ( 3 H  *?) ,ZZH MESH I N T E R V A L  NUMHEK r l 4 t l X , 1 0 1 3 H  * i f ) )  

1 1 3  F O H M A T l l H l r 6 3 H  CUNVEKSION K A T I U  B Y  MESH I N T E R V A L  AT  STAKT OF TI 
1ME I N T E R V A L ~ I Z / / ( R E 1 4 . 6 ) )  

114 F O K M A T l l H K ~ 6 3 H  CONVERSION K A T I O  B Y  MESH I N T E R V A L  AT  E N 0  OF TI 
1 M E  I N T E K V A L , I ? / / ( B E 1 4 . 6 ) )  

1 1 5 - F 6 K M A T i 7 3 H - .  ~- B Y  MESH I N T E R V A L  THE POWEK I N O K M A L I Z E O  TU VOLUME-AV 
l E H A G E U  POWER) I S  1 

116 F O K M A T l 1 H L ~ 3 7 X ~ 7 H I ~ I T I A L i l 6 X I S H F I N n L I  
1 1 7  F O K M A T I l H J )  
118 F 0 X M A T 1 1 H L ~ 1 4 X 1 1 4 H X E N O N - 1 3 5  rEZ0.6//15X~14HSAMAKIUM-14Y r E 2 0 .  

1 6 / / 1 5 X ~ 1 4 H I U D I N E - 1 3 5  r E 2 0 ~ 6 / / 1 5 X ~ 1 4 H P K U M E T H I l l l ~ 1 - 1 4 Y ~ E 2 0 . 6 1  
119 F O K M A T l 7 5 H  VOLUi lE A V E k A G t O  E O U I L I B R I U M  COIdCENTRATIUNS O F  MAJOR 

1 F I S S I O I U  P&ODUCTS / 4 5 H  I N  NUCLEI/BARN*CtY I F  THE POWEK L E V E L  0 
2 F  r E 1 1 . 6 r 2 O H  WATTS IS P I A I N T A I N E O )  

1 2 0  F O K M A T l 3 X ~ A 5 ~ 1 H - ~ I Z ~ l X ~ 6 E l 5 - 6 )
121  FORMATllHK~ZO(4H****)//l03H L A S T  ENTNY FOK EACH I S O T O P E  

1 I S  ONE BAKN-TH OF ITS TOTAL NUMBER O F  ATOrlS I N  THE C O N F I G U K A T l O N / /  
2 1 X 1 Z 0 1 4 H * * * * I )  

1 2 4  F O R H A T I l H K v Y H  I S U T O P E ~ 1 O X ~ 4 H N ~ T ~ ~ Y X 1 6 n N ( T + l l r 7 X . 1 1 H N I T + l ~ / N I T ~ ~ 7 X  
lr5HPOWEH~YX~6HPUISON/10H O E S C K . r 5 3 X ~ 8 H F K A C T I U I d ~ 7 X ~ 6 H F A C T O R ~  

131  F O H M A T l l H K ~ 2 6 H  I N  MESH INTERVAL NUMRER r 1 4 / / 1 5 X 1 5 M H T H E  CONVERSION 
1 K A T I O  AT  THE STAKT OF THE T I M E  I N T E K V A L  IS v F 1 0 . 6 / / 1 5 X v 5 6 H T H E  CON 
Z V E K S I O N  K A T I i l  AT  THE EN0 OF THE T I M E  I N T E H V A L  I S  ,F10.6) 

140 F O K M A T I ~ H L I Z ~ H  TOTAL FUEL l N V E N T U K Y ~ l O X ~ E 1 2 ~ 6 r l U X ~ E l 2 ~ 6 / Y X ~  
1 1 Z H l N  K ILOGUAMS)  
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141 F O H M A T I l H K , 2 4 H  TOTAL F U E L  I N V E N T O H Y ~ l O X ~ E l 2 . 6 r l U X ~ E l 2 . 6 / l O X ,  
I Y H I L I  P O O U O S I  

1 5 0  F U R I 4 A T 1 7 E 1 5 - h l  
1 5 1  F U R N A T ~ ~ H L ~ ~ ~ I ~ H + I . Y ~ HA L L  ZONES HAVE HEEN S t A K C H E I J  FOH A NON-DEP 

I L E T A Y L E  ZONE S T A R T I N G  P O I N T  AND NONE HAS H t E N  F I J U N I ) / l X , l O ( l H + l r  
29H MSUEi = .13rl2H AND IMESH = ,131 

1 5 2  F U K H A T l 1 0 1 3 H  * = 1 , 2 3 H  MESH I N T E K V A L S  NlJMHEK r l 4 r 6 H  THKU , 1 4 7  
1 1 X ~ 1 0 1 3 H* * I 1  

1 5 3  F D K M A T l l H L ~ H l H  N l l  F I S S I O N A H L E  I S O T O P E S  O K  CUNSEUUENT F I S S I U N  PKUD 
1 l ICTS OCCIId  I N  MESH I N T E R V A L S  . l 4 t r 6 H  THKU , 1 4 1  

1 5 4  F I I K M A T I  1 H K r  2HH #qEGAWATT-UAYS/METKIC TUN, 1 1 x 1E 12.6 1 
1 5 5  FOHMATI lHK,YH I S U T U P E ~ 1 O X ~ 4 H N I T I ~ Y X ~ 6 H N I T + 1 ~ r 7 X ~ I l H N ~ T + 1 I / I ~ I T I ~ 7 X  

l r 6 H P O I S O N / l O H  U E S C R . r 5 4 X i 6 H F A C T O H I  
1 5 6  F U R M A T I I H L l h O H  A L L  M E S H  I N T E R V A L S  HAVE HEEN TKAVEHSEO FOK T I M E  I 

1 N T F K V A L  r I 2 / 6 4 H  THE F L U X  W I L L  NOW B E  K E N U K M b L I L E U  FUN T H t  NEXT 
2 T l M E  I N T E L ( V A L 1  

1 5 7  FOKMAT(1HKIH4H T H t  FOLLOWING E D I T  I S  AVEHALED UVEK A L L  i4ESH I N T E H V  
IALS IN W H I C H  E A C H  ISOTOVE O C C O K S I  

1 5 8  F D K M A T l l H K ~ b X ~ A 5 ~ E 2 0 . 6 r E I ~ . 6 r E l h . 6 1  
l h 4  F O R M A T l l H L , 5 h H  C O N T A I N S  HUKNA8LE P O I S O N S  Q I I T  N U  F I S S I U N A H L E  I S O T  

i n P E s i  
KETURN 
END 
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S I B F T C  FADE DECK 
SUBROUTINE F I S E O l l * I  

C 

C 

C SOLVES D E P L E T I O N  EOUATIONS FOR F I S S I O N A B L E  I S O T O P E S  

C 

C 

CDMUON/SETl /  A T D E N ~ 1 9 0 ~ 4 0 l r C O N R A T l 2 O O l ~ T O P O M ~ 2 O O l ~ V O L ~ 2 O O l ~ R R ~ 2 O O l  
l i R A T B E F I Z 0 0 1  

COMRON/SETZ/ F L U X ~ 3 8 0 0 1 r S A N S N U ~ 4 0 r Z O ) r b B S 1 G ~ 4 0 ~ 2 0 1 ~ S S T ~ 2 0 ~ 2 0 ~ ~  
1 XNU(121.20)  

COMMON/SET3/ N M I R (  2001 r R A U M I  2001 t R A k ( Z O O 1  v O E L R I Z 0 0 1  rMIDRZ(400)r 
l N E M O ( 2 0 0 )
C O M M O N / S E T 4 / A T ~ G T l Z O l r D E C A Y ~ 4 0 l r T H E R N U ~ 4 0 l ~ T N A M E ~ 4 O l ~ F R A C T ~ l O l ~  


1 N R P T 1 4 0 l r I O V U L C ( 4 0 l  
COMMON/SET5/ V U L A B S l 4 0 l ~ V U L F I S l 4 0 l ~ V U L A M F l 4 O l ~ A O P R E V l 4 O l ~ I O Y L O ~ l O l  

1 r Y ( 2 0 . 1 2 l ~ K R O N ( Z O l  
COMMON/SET6/ N G I N U ~ N I S O T ~ T O T V O L I F I Y A I T . P O M E R ~ A V P O M ~ F N O R U  
C O M M O N / S E T 7 / N F I S ~ N S P M A T ~ N B P O I ~ N F R A C T ~ N Y D N U C ~ N F I R P T  
COMMON/SETB/ D E L H R I K H A ~ N ~ A V O G A D ~ N Z O N R ~ M O R O U T ~ M O O O ~ O I F F E R ~ N O N O P L  
COMMON/SET9/ KTIM.NTINCIKRELLIKCELL 

COMMON/SETlO/  K O M P . K O N G ~ K O G I L A N D I D E L S E C ~ ~ E S H  

J1=1 

J 2 = 2  

J 3 = 3  

J 4 = 4  

J 5 = 5  

J 6 = 6  
GO TO 201 

ENTRY F I S E 0 2 ( * 1  


22 J1=7 
J Z = 8  
J 3 = 9  
J 4 = I O  
J 5 = 1 1  
J 6 = 1 2  

8 GO TO ~201.202~203~204r205.206)rKOMP 
C 

C ENTER THE ATOM D E N S I T Y  C A L C U L A T I O N S  FOR F I S S I O N A B L E  I S O T O P E S  

C 

C 

C T H 2 3 2  OR U 2 3 8  

C 

201 A D P R E V ~ J 1 l = A T O E N l M E S H I J l l  
A T O E N I M E S H ~ J 1 l ~ A O P R E V ~ J l ~ * ~ Z ~ - V U L A E S l J l l * O E L S E C l / l 2 . + V U L A E S ~ J l l *  

1 D E L S E C I  
IFILANO.EQ.11 GO TO 7 

C 
C P A 2 3 3  OR N P 2 3 9  
C 

2 0 2  A D P R E V ( J Z l = A T O E N ( M E S H I J Z )
A T D E N ~ M E S H , J 2 l = ~ A T D E N l M E S H ~ J l l + A O P R E V ~ J 1 ~ ~ * V U L A M F l J l ~ / ~ 2 . * ~

1 o E C A Y ~ J 2 1 + V U L A B S ~ J Z l l l + ~ A D P R E V ~ J Z l - l A T O E N l M E S H , J l l + A O P R E V l J l ~ l  
2 * V U L A M F ~ J 1 l / ~ 2 ~ * ~ O E C A Y ~ J 2 l + V U L A 8 S ~ J 2 l ~ ~ l * E X P l - ~ O E C A Y l J 2 l +  

3 V U L A B S ( J 2 l ) * D E L S E C l
IFlATOEN(MESHrJZl.EQ.0-I A T D E N ( M E S H I J Z I = - A T D E N ~ M E S H ~ J Z )  
IF(LANO.EQ.11 GO TO 7 

C 

C U 2 3 3  OR P U 2 3 9  

C 


2 0 3  	A O P R E V ( J 3 l = A T D E N ( M E S H I J 3 )  
00 30 l K E = l . N I S O T  
N I K E = I D V U L C ( I K E l  
I F ( N I K E . N E . J Z 1  GO TO 30 
GO TO 32 

30 CONTINUE 
A T O E N ~ M E S H ~ J 3 l = l A D P R E V ~ J 3 l * ~ 2 . - V U L A ~ S ~ J 3 l * O E L S E C ~ + l A T O E N ~ M E S H ~ J l ~  

1 + A O P R E V ~ J l ~ ~ * V U L A M F ~ J l l * O E L S E C ~ / ~ 2 . + V U L A B S l J 3 l * O E L S E C ~  
GO TO 31  

32 A T O E N ~ M E S H ~ J 3 ~ ~ ~ A D P R E V ~ J 3 l * ~ 2 ~ - V U L A B S ~ J 3 l * O E L S E C ~ + ~ A T O E N ~ M E S H ~ J 2 l +  
1 A O P R E V ~ J 2 ~ l * D E C A Y ~ J 2 ~ * D E L S E C ~ / l Z ~ + V U L A B S l J 3 l * O E L S E C ~  

3 1  IFILAND.EQ.11 GO TO 7 
C 

C U 2 3 4  OR P U 2 4 0  

C 

204 A O P R E V ( J 4 ) = A T D E N I M E S H I J 4 )
A T D E N ~ M E S H ~ J 4 ~ = ( A O P R E V ~ J 4 ~ * ~ Z . - V U L A B S ~ J 4 ~ * O E L S E C ~ + l A T O E N ~ M E S H ~ J 3 ~ +

l A D P R E V ~ J 3 l l * V U L A M F ~ J 3 1 ~ O E L S E C + l A T O E N ~ M E S H ~ J Z l + A O P R E V ~ J 2 ~ l *  
2 V U L A M F ~ J 2 l * D E L S E C l / ~ 2 ~ + V U L A B S ~ J 4 l * O E L S E C l  


IF(LANO.EQ.11 GO TO 7 
C 

C U 2 3 5  OR P U 2 4 1  

C 


2 0 5  	AOPREV(J5)=ATOEN(MESH,J5) 
I F I J 5 - E Q . 1 1 1  GO TO 2 9  
IFIKONG.EO.111 GO TO 2 9  

C U 2 3 5  
ATOENlMESH,J5l=~AOPREVlJ5l*l2.-VULABSlJ5l*OELSECl+~ATOEN~MESH~J4~ 


1 + A O P R E V ~ J 4 l l ~ V U L A M F ~ J 4 l ~ O E L S E C ~ / ~ Z . + V U L A B S ~ J 5 l * D E L S E C l  
1 F l L A N O . E Q . l I  GO TO 7 
GO TO 206 

C P U 2 4 1  
29 ATDEN~MESH,J5l=~ADPREV~JSl*~2.-lVULABS~J5l+DECAYlllll*OELSECl+

l ~ A T D E N ~ M E S H ~ J 4 ~ + A D P R E V l J 4 l ~ * V U L A M F l J 4 ~ * O E L S E C l / ~ 2 . + ~ V U L A B S l J 5 l +  
2 O E C A Y I 1 1 ) l * D E L S E C l  

IF(LANO.EQ.II GO TO r 

60 




C 

C U236 OR PU242 

C 


206 A O P R E V ( J 6 ) = A T O E N l M E S H I J 6 1
A T O E N I M E S H ~ J 6 ~ ~ I A O P R E V ~ J 6 l * ~ Z ~ - V U L A B S ~ J 6 ~ * O E L S E C ~ + ~ A T O E N ~ M E S H ~ J 5 l  

I + A O P R E V I J 5 ) ) ~ V U L A M F ( J 5 1 * O E L S E C ) / ( 2 . + V U L A B S ( J 6 ) * O E L S E ~ ~  

C 

C 
C 

25 


7 


320 


330 

301 


302 


303 


IFlLANO.E6).11 GO T O  7 
IFIJ6.EQ.12) GO TO 25 
IF(KHAIN.EP.0) GO TO 22 

FOR DUPLICATE FISSIONABLE ISOTOPES 


IF(NFIRPT.EQ.OI RETURN 1 
LANO=I-	 .. 

IF(KO~.GT.NISOT) RETURN 1 

00 5 KIM=KOG,NISOT 

IF(NRPTIKIM).EQ.Ol GO TO 5 

JAOE=IOVULCIKIM) 

IFIATOEN(MESHIJAOEI.EO.O.) GO TO 5 

KOG-KI n+l 

KOMP=NRPT(KlMl-lO 

IF(KOMP-GT-6) GO TO 320 

Jl=l 

J2=2 

J3=3 

J4=4 

J5=5 

J6=6 

GO TO 330 

J1=7 

JZ=8 

53-9 

J4=10 

J5=11 

J6=12 

GO TO 1 3 0 1 ~ 3 0 2 ~ 3 0 3 ~ 3 0 4 ~ 3 0 5 ~ 3 0 6 ~ 3 0 1 ~ 3 0 2 ~ 3 0 3 ~ 3 0 ~ ~ 3 0 5 ~ 3 0 6 ~ ~ K 0 M P  

Jl=IDVULCIKIMl 

GO TO 315 

Ji=lDVUii (KIM I 

IF(NRPT1KIH-lI.EQ.111 J1=IOVULC(KIM-II 

IF(NRPT(KIM-l).E0.17) J ~ = I O V U L C ( K ~ M - I 
I 
GO TO 315 
J3=IOVULClKIM) 
IFINRPT(KIM-l).EP.12) 
IFINRPT(KIM-1l.EP.181
GO TO 315 

304 J4=IOVULC(KIM) 
IFINRPT(K1M-1l.EP.13) 
IFINRPTIKIM-l).EP.IS) 
IFlNRPT(KIM-Z).E8.12I 
IF(NRPT(KIM-Z).EP.lBI 
GO TO 315 

305 JS=IOVULCIKIH) 
IFINRPTIKIM-II.EQ.14) J4= IOVULC IK In-1 1 
IF(NRPT(KIM-l).EQ.ZOI J4=IOVULCIKlM-l)
GO TO 315 

306 J6=IOVULClKIM) 

I F ( N R P T l K I M - l ~ ~ E 0 ~ 1 5 1  

IFINRPTIKIM-ll.EQ.2I) 


315 CONTINUE 
KONG=KOMP 
IF(KOMP.LE.6) GO TO 8 
KOMP=KOMP-6 
GO TO 8 

5 CONTINUE 
RETURN 
EN0 
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S I R F T C  P O U T  DECK 
SLJRKDUTINF UIJTPUT 
CflMMON/SE;l/ A T O E N I  1 Y U v 4 0 1~ C O N H A T l 2 O O ) ~ T O P U W l 2 O O ~ ~ V O L l 2 O O ~, K R I 2 0 0 1  

l r K A T B E F I Z U 0 )  

C 

C 

C 

C 

C 


C 
C 
c 

C 
C 

C 

C 

COMMON/SET2/ F L U X 1 3 H 0 0 ~ ~ S A N S N U 1 4 0 r 2 0 ~ ~ A B S I G 1 4 U ~ 2 0 ~ . S S T 1 2 0 ~ 2 0 ~ ~  
1 X N U 1 1 2 r 2 O l  

CUMMflN/SET3/  N l I I R 1 2 0 0 ~ r ~ A U M l 2 0 0 ~ ~ H A H 1 2 0 0 ~ ~ D E L K l 2 O O ~ ~ M I D K Z 1 4 0 0 ~ r  
1lJEMO I 2 0 0  1 

C O M M O N / S E T 4 / A T W G T I 2 O ~ ~ O ~ C A Y l 4 O ~ ~ T H E R N U l 4 O ~ ~ T N A ~ l E l 4 O l ~ F U A C T l l O ~ ~  
l N K P T l 4 0 ) r I O V U L C 1 4 U ~  

COMnON/SET5/  V U L A B S l 4 0 ~ ~ V U L F I S l 4 0 ~ r V U L A M F l 4 U ~ ~ A D P K E V l 4 O ~ ~ l O V L O ~ 1 O ~  
1 ~ Y I 2 0 1 1 2 ) ~ K K O N 1 2 0 )  

COMMON/SETh/ N G I N M I N I S U T I T O T V O L ~ F I W A T T ~ P O W E U ~ A V P D W I F N O H M  
COMM(IN/SETtl/  U E L H H ~ K H A l N ~ A V O b A O ~ N Z O N R I M O K O U T I M O O O I D I F F E K ~ N O N O P L  
O I M E N S I U N  L A H E L l 4 U ) r C A H H Y 1 4 0 )  

OIJTPUT E D I T  - U E T E K M I N A T I O N  OF THE NUMBEH OF M A T E R I A L S  T O  B E  
NEEDED FOK THE NEXT TOSN CALC - CALCULATES AVEKAGE ATOM O E N S I T I E S  
AFTER CHOUSING ON THE B A S I S  OF MACHUSCUPIC COMPAHISONS 

100 F O H M A T l l H l )  

1 0 2  FUHMAT11HL146H THE ATOM O E N S I T I E S  T O  B E  U S E 0  FOH THE NEXT 7 1 2 ,  


1 1 7 H  14ESH I N T E K V A L S  I 913.5H THKU ,13, 5 H )  A K E / / )  
1 0 3  F O K M A T l t l E 1 4 . h )  
104 F O H M d T l Z H *  , 7 1 1 0 1  
105 F O K M A T l 7 E 1 0 . 5 )  
1 0 6  F O K M A T I l H L ~ 1 O X ~ 2 3 W A C G GI N P U T  CAKO I M A G E S / / )  
1 0 7  F f l K M b T l S X 1 7 E 1 4 . 6 )  
1 0 H  FDKMAT.11Hlr t lHH MACKOSCOPIC ARSORPTIO@ CKUSS S E C T I O N S  B Y  MESH I N T  

1 E K V A L v R Y  GKOUPIANO BY VULCAN I S O T O P E )  
109 F O K M A T l l H L , 2 4 H  d E S H  I N T E K V A L  NUMBER r 1 3 1  
110 FOHMPT11HK123H t N E H G Y  LKOUP CIUMREK v l 3 / / )  
111 F O K M A T l l H L . 2 5 H  MESH I N T E R V A L S  NUMBER r l 3 1 b H  THUU 7 1 3 )  
112 F O K M A T l 5 6 H  AVEKAGED ATOM O E E I S I T I E S  FOK NEXT S P A T I A L  C A L C U L A T I O N  

1 )
151 F O K M 4 T 1 1 H L I l l ~ 1 1 H + ) 1 Y 5 H  A L L  ZONES HAVE BEEN SEAKCHEO FOK A NON-OEP 

l L E T A H L E  Z l lNE S T A U T I N G  P O I N T  AND NONE H A S  REEN F U U N O / l X ~ l O l 1 H + ) ~  
2 Y H  MSIJM = . l 3 , 1 2 H  AND MESH = , 1 3 1  

5 5  

5 0  

5 1  

57 


5 2  
54 


4 4  

4 7  
45 

4 3  

4 2  

5 7  

5 

1 4  

LGO=O 

L S Trl P = 0 

I F I M I l t ( O U 1  .EU.O.OK.MOKUUT.EU.?I bo 10 5 7  


THKUUGH STATEIIENT 4 2  I S  THE MACKUSCIIPIC P H I N T U U T  

b l I ( I T E l 6 .  108)  
KOKU=NI s r I T - r m N w L  
L I M - 0  
L I M-L I M +  1 
rStJM = 0 
OD 5 0  M I U = l r K O K O  
I F l A T O E N I L I M ~ H I O ) . N E . 0 . ~  L O  T O  5 2  
CUNT I NUE 
DO 5 1  K A T = l r N Z O N &  
MSUM=dSUM+NI4IKIKAT) 
I F l M S U M . E U . I L I h - 1 I )  GO TO 5 3  
TON T I NI IF. .. 
bIK I TE Ih r  1 5 1  ) MSUMI L I M  
I F I ~ ~ M I K l K A T + 1 I . E U . 1 1  GU T O  5 2  
LUSH= L I ( * I +  1ir.l IK IKAT + 1 I -1 
tdK I T E I5 I 111 I L I149 L U S H  

GO T O  5 4  

W K I T E ~ h r l O Y IL114  

DO 4 3  L l G = l , h l L  

DO 44 I l l t ) = l r N I S O T  

L I U = I o V l l L C I N I H I  

I F l A H S I h l L I f l . L I G I . E U . 0 . 1  4 D P K E V I L I D ) = A T D E N I L I M I L I D )  

ATDEN IL I P i ,  L I I l l  =AT DEN1L IMI L I O ) * A B S  I G  IL 101L 1G) 

l4K 1 I E I h r  110 I L I G  
W K I T E l 6 . 1 0 3 1  l h T O t N I L I M ~ L I D ~ r L I O = l r N I S U T I  
UO 4 5  N I R = l r l \ l l S O T  
L I n = I D V U L C I N I H )  
I F l A f i S 1 6 1 C I O I L I G I . E U . 0 . )  ti0 TO 47 
4 T U E N l L I M , L I I ~ l = A T U E N l L I ~ . l ~ L l O l / A ~ S l t i l L l O ~ L l t i ~  
GO TO 4 5  
ATDEH IL lM,L I O l = A O P K E V l  L 1111 
C O N T I N U E  
CONT I N l l E  
IF(MSUM.NE.0) L I M = L U S H  
1 F l L I M . L T . N M )  GO T O  5 5  

MESH=U 

I F I 0 1F F E H  .EU. 0. ) 0 I FFEK= .001 

THE F O L L O W I N G  LOOP I S  FUR THE ZONE SWEEP 

DO 10 IX=1,N7ONK 

Ll;I I=LSTIIP+l 

LS TUP = L GO+ N k  1K II X ) -1 

MAKS=O 

‘,IETKfl=O 

YE SH = M E SH + 1 

JAVE=U 

I c T K f l = N l n l H  I 1 x 1 - 1  

IFlMETRO.ElJ.01 Gfl  T O  1 7  

~ O L L O W I N G  I S  THE MESH SHEEP W I T H I N  ZOI\IE I X  

10 11 J X ~ l , . N E T K O  

<4VG=1 

I E S H = M E S H + l  

<AVG=KAVG 

:UVA=OIFFEK*KAVG 

.lM=MESH-KAVG 

.GKUP=O 
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J 1G=O 
C SWEEP BY GKOlJP 

1 J I G = J I G + I  
C THE 40 LOOP IS T O  CHANGE T O  MACHOSCOPIC CKOSS S E C T I O N S  FOR 
C COMPARISON T E S T  BY MESH I N T E R V A L  W I T H I N  R E G I O N .  THEN BY I S O T O P E  

DO 40 JIM=MM,MESH 
FAHK=O.O 
DO 40 N I O = l r N I S O T  

J I D = I D V U L C I N I R I  

IFIABSIGIJIU~JIGI.GT.0.) 60 T O  56 

ATOEMI J 1 1 4 ,  J I D )  =-A I U E N I  J I M .  J I D 1  

GO T O  40 


56 A T O E N I J I M ~ J I D I ~ A T U E N I J I M ~ J I O l ; n B S I G I J I O I J I 6 I  
I F I J I M - N E . M E S H 1  GO T O  40 

I F I J 1 0 ~ L E . 1 2 . U K . N K P T 1 N 1 0 1 . N E . 0 1  F A H K ~ F A H K + A T D E N I M E S H I J I O )  


40 C O N T I N U E  
FAHR=10 . *FAHK*DIFFEH 

C THE 1 2  LOOP I S  T H t  COMPAKISUN TEST B Y  I S O T O P E  FOH GKOUP J I G  
3 	 DO 12 K U L = l , N I S O T  

I o Z - l r ~ V O L C I K u ZI 
IFlATOENIM~411UZI.GT.0.1 GO T O  1 5  
QUO1 =1.O 
GO TU 16 

1 5  UUO I =AT DEN I MESH ,I DZ I/ A T  DEN I IMM ,I 02 I 
16 I F I A B S I O U U I - 1 . I . G T . C O V A . A N O . A T O E N I M E S H ~ I O Z I . G T . F I H H )  GO T O  19 
12 	C l l N T I N U E  

L G K U P = L G K U P + l  
GU T O  19 

4 IF IKAVG.GT.11 GO TO 1 3  
C 
C J A V E  AT ANY T I M t  I S  EUlJAL T O  THE NUMBER OF A O J A C t N T  C O k P A K l S O N S  OH 
C MATCHES THAT H A V E  ALKEAUY B t E N  FUUNU FOK ANY ONE A V E K A b t D  SET. 
L 

J A V t = J A V E + l  
I ~ I J A V E . G I . 1 1  GU T U  1 3  

L 
C KAKY I S  THE INESH I N T E K V A L  THAT CLINTAINS T H t  A V E K A b E D  ATUM D E l r l S I T Y  

C I I U t G A T l V t l  FOK T H t  NEXT MESHMI-KAKY MESH I N T t K V A L S .  

C 


K A K Y I M E S H - 1  
13 IF(MM.t lJ .KAHY) GO T U  18 

C 
C KAVG I S  THE ORDEH OF THE COMPAKISUN AT HANOI � . G a r  =1 I F  CUMPAR-
C ISUN I S  N I T H  AN ADJACENT MESH I N T E K V A L . = 2  I F  THE CUMPAHISON I S  
C W I T H  THE MESH l N T t K V A L  SECUND P K E C E D I N G  THE CUKKENT ONErETC. 
C 

K A V G = K A V G + l  
GO TO 14 

i n  IFIJX.EU.M~TKUI GO T O  2 2  
GO T O  11 

C THE 46 LOOP C H A N G t S  BACK T O  ATOM D E N S I T I E S  FKUM MACKOSCUPICS 
1 Y  DO 4 6  JIM=MM,MESH 

DO 46 NOK= l ,N ISOT 

J I D = I U V U L C I N U K I  

IF~ABSIGIJIDIJIGI.GT.O.I b O  T U  Y O  

A T D E N I J I M ~ J I O ~ ~ - A T U E N l J I M ~ J I O I  

GU T U  46 


Y O  A 1 O E N ~ J I M ~ J I O ~ ~ A T O E N ( J I M . J l M ~ J l O ~ / A B S l G I J l O ~ J l ~ l  
' A  T I I N T l h l l l E. _  " L  

1 F I J I G . L T . N G I  GU T U  1 
I I - ILGKUP.EU.N6I  GO TU 4 
1FIKAVG.EU.JAVE) GO T U  2 6  
1FIJAVE.NE.UI  GO T O  2 6  
KAKY=MESH-1 
Mt SHM 1= K A K Y 
IFIJX.EO.M~TROI MAKS=I 
GO i n  2 1  

2 6  	M E S H M l = M E S H - l  
I F  I JX.EU.hElKU1 MAKS=1 
GI1 TO 71 

DO 2 3  K D A = l r N I S O T  
I U A = I D V U L C I K O A l  
AXE=O.O 
OU 2 4  MEO=KAKYIMESHMI 

2 4  A X E = A X E + A T U E N l M t O ~ I O A ) 4 V O L I M E D l  
2 3  A T D E N I K A n Y I I O A l = - A X E / V O L U M t
11 C O N T I N U E  

IFIMARS.EU.11 CO TU 1 7  
GO. T O  10 

1 7  00 2 7  JMP= l ,N ISUT 
I M P = I O V U L C l J M P )  

27 ATDENlMESHtIMPI=-ATDENIMESH~INPl 
10 C O N T I N U E  
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3 1  

33 

36 

3 5  

30 
3 4  

32  

C A L C U L A T I U N  OF NACGG I N W J l  

WK 1TE ( 6  t 1 0 0 )  
W H I T E ( 6 v 1 1 2 )  
N U D t = O  
M n n n = o  

IM 
I I S O T  

CONTINUE 
1FINUDE.EU.OI GO T O  30 
NEND=MOUT-1 
NAKT=MUUT-NUDE 
W K I T E l 6 ~ 1 0 2 )  N U D E i N A U T t N E N O  
NOUD=MOOD+l 
NEMOl MODO) =NULIE 
LUG=O 

KEAKRANGE ATOM D E N S I T I E S  I N  MACGG O R D E K  AN0 COMPKESS 

D O  36 M X = l r N I S O T  
I D = I U V U L C I M X I  
CAKRY(MX1-0.0 
C A R R Y l M X ) = A T D E N ( N A K T , I O )  
DO 3 5  L X = l , N I S O T  
I F I C A K K Y ( L X I . L E . 0 . )  GO TO 35 
LUG=LUG+l  
C A R R Y I L U G l = C A K H Y I L X I  
L A R E L ( L I J G I = L X  
CONTINUE 
W K I T E 1 6 r l 0 6 )  
W R I T E ( 6 . 1 0 4 )  L U G i I L A R E L ( K J ) r K J = l , L U G )  
PUNCH 105, I C A K K Y l K M l r K M ~ l r L l J G ~  
W K I T E l h r l 0 7 )  ( C A K K Y I K M ) r K M = l . L U G l  
NUDE=1 
G O  TO 3 4  
N1JDE =NlJDE+ 1 
1FlMOlJT.NE.NUI GO T O  3 2  
MOlJT=MOUT+ 1 
GO TU 3 3  
CONTINUE 
RETUKN 
END 
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1 
2 
3 
4 
5 
6 
7 

I 

S I B M A P  	BCREAD 
ENTRY BCREAD 

RCKEAD 	SAVE 1 . 4  
C L A  3 7 4  
LDO 4.4 
TLO *+2 
XCA 
STO TEMP 
ADD SYSONE 

STA S T O  

SlJB TEMP 

STA 1 x 1  

AXC l lNC-3 .4  

SXA S Y S L O C v 4  

C A L L  ..RCHD 


READ TSX . .F IOCv4  

TSX ..FTCK,4 


1 x 1  AXT * * , I  

TXL L A S T C 1 1 . 2 2  


I X 4  AXT 0.4 

C L A  ..BRDB+Z,~


s i n  	 STO 4r.l 

T I X  * + I , I r l  

T X I  *+lr49-1 


C K I R 4  	 TXH STO-1747-22 

SXA l X l r l  

TKA KEAI) 
~~ 

LASTC TXL  UONE,1,0 

AXT DONE.4 

SXA L I S T C - 1 . 4  
SCD C K I K 4 r l  

TKA 1 x 4 
. .  ... 

DONE 	 AXT KEAD.4 

SXA L A S T C - 1 9 4  

AXT -2294 

SXD C K I R 4 r 4  

R�TURN t lCREAD 


l lNC P Z E  . l lN~15. 

TEMP P Z E  


END 

11/1/65 JMLR 
11/ 1/65 JMtR 

GET F l K S T  AHG. 11/1/65 J h L R  
GET SECOND P K G .  11/1/65 JMLR 
C OMPA R E 11/1/65 J h L H  
I F  2ND L E S S  EXCHANGE 11/1/65 JHLR 
STORE SMALLEST AKG 1 1/ 1165 JML R 

11/1/65 JhLK M 
1I/l/b5 JMLR Y 
I 1  / I /65 JMLH 10 
I 1/ 1 / 65 Jh L R  1 1  

LOCATE l lN05 L I K E  F I V  C A L L  11/1/65 JMLR 12 

ANI) SAVE I N  SVSLOC 11/1/65 JMLR 13 

SET UP HEAO 11/1/65 JMLR 1 4  

KEAD KECORO ll/l/6S J h L R  15 

CMECK K E A 0  11/1/65 J h L H  16 

P I C K  UP COUNT L E F T  11/1/65 JMLR 1 7  

I S  ONLY 1 HEC L E F T  11/1/65 JMLR 18 

KEC CNT 11/1/65 J h L R  1 Y  

MOVE WDKDS 11/1/65 JMLR 20 

T O  STOKE 11/1/65 JhLR 21 

DECK. COUNT 11/1/65 J M L K  22 

DECR. REC COUNT 11/1/65 JhLK 23 


CH. REC COUNT 11/1/65 JMLR 24 
NU SAVE K E H A l N l N G  COUNT 11/1/65 JhLR 25 
CO HEAD NEXT RECOKO 11/1/65 JMLK 26 
ANY MUKE WUKOS U4/2b/bb T S  21 
YES STURE TO E X I T  NEXT ll/l/b5 JMLH 28 
. .T l M F. 11/1/65 JMLK 2') 
SET REC CNT = NO WORUS L E F T  11/1/65 JMLR 30 
GO P K U C E S S  HECOKU 11/1/65 JMLH 31 
KESTURE E X I T  11/1/65 JMLK 3 2  

1 I / 1 / b5 JMLK 33  

R E S T D K E  KEG CNT 11/1/65 JMLR 3 4  


1 I /  1/65 JRLH 35 

11/1/65 JMLR 36 


ADO OF I J N I T  5 11/1/65 JMLH 37 

11/1/65 JMLK 3 8  

3 Y  

65 
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S l 8 F T C  PLOTXY 
SU0ROUTINE P L O T X Y l X ~ Y v K . P I  1 

C HEFERENCE NASA T N  0 - 2 1 7 4  v APRIL .1964 .  B Y  L O I S  T. OELLNER 
C AND BETTY J O  MOORE 
C 2 

C O H M n N / . l O I O / N ~ F ~ O X ~ X Y X ~ F O R Y ~ S T U G ~ L A 0 O U T ~ T O N L Y I K S H b 4 ~ K P W R ~ K F O ~ T L ~ N X-- .--. , .. 3 
L O G I C A L  XYXvFORY.'. STIIG.Tl lNI- . . - -YsXGI  .I S 4 

D I M E N S I O N  X I l ) r Y I l l r P ( 1 1  5 
D I M E N S I O N  F L S l 3 l ~ F L A 8 1 4 1 ~ F Y L A 0 ~ 4 ~ 1 Y L A B E L l l l ~ ~ A ~ l O 4 ~ ~ E L S l 3 l  6 
EPUIVALENCE 1 F L A 0 1 3 1 r I F L A 8 3 1 ~ 1 F Y L A 8 1 3 1 ~ ~ Y L A B 1  7 

DATA MASKl .  M A S K 2 ~ M A S K 4 ~ M A S K 8 . M A S K l 6 ~ M A S K 3 2 ~ M A S K 6 4  4 5 
1 Olr 0 2 1  041 010. 0 2 0 1  O+Ov 0100 / 9 

DATA FYLABIl)rFYLA012)rFYLA03~FYLA014~ / 10 
1 6 H l Z H P  . ,6H20X111 rbH F10.011H) / 11 

DATA BLANKIXGRIOIYGRIO /1H r l H - r l H l  I 12 
OAT4 R M A R K ~ P C S T D / 0 7 2 6 0 6 0 6 0 6 0 6 0 ~ l H * /  1 3  

0 4 T A  F L S l l ) i F L S 2 8 . F L S 2 6 4 r F L S Z 0 ~ F L S 3 8 ~ F L S 3 0  14/ 
1 6 H 1 2 H P + v ~ 4 H 1 1 X 9 .  3H5Xvr3HA5~93HA6)r6H2F6-31 / 15 

DATA F L A B ( l l r F L A 8 1 2 ) . F L A 0 3 . F L P 3 ( 4 )  / 16 
1 b H I Z H P + r . 4 H 1 7 X v v b H  F 9 - 0 v l H I  / 1 7  

L 18 
100 WRITE l b r 5 0 0 )  19 
5 0 0  F O R M A T I Z H P T )  20 
102 KDDE=K 2 1  

2 2  
2 3  

F L A B i 3 1 - =  F L 4 8 3  2 4  
L S  = .FALSE. 2 5  

F Y L A 0 1 3 I = F Y L A E 3  2 6  
KSWB=O 2 1  
K S U 6 4 = 0  28 

2 9  
30 
31 

32 
3 3  
34 
3 5  

1 2 1  36 
1 2 2  37 
1 2 4  38 

C 39 
125 K064=KSW8+KSW64 40 
126 I F ( K 8 6 4 - 2 1  1 3 2 r 1 2 8 . 1 3 8  41 
128 F L S (  2 ) - F L S 2 6 4  4 2  
130 66 TO 139 43 
1 3 2  F L S ( Z ) = F L S 2 8  44 
1 3 4  F L S ( 3 1 = F L S 3 8  4 5  
136 GO TO 140 46 
1 3 8  F L S I Z l = F L S 2 8  41 
1 3 9  F L S 1 3 ) = F L S 3 0  48 

C 49 
140 XYX=.FALSE. 5 0  
1 4 2  FORY=.TRUE. 51 
144 STUG=.FALSE. 5 2  
146 TONLY=.FALSE. 5 3  

C 5 4  
- L E - O - I ) GO TO 1 7 2  5 5  

151 STUG=.TRUE. 56 
1 5 2  KSY=P 1 9  I 5 7  
1 5 4  PWRlOY= lO. * * (KSY-b )  5 8  
1 5 6  FY  = P ( l O I * P W R l O Y  
158 F = F Y  

5 9  
60 

C 61 
160 IF IP15) .GE.Z.)  GO TO 1 7 2  62 
I62 TDNLY=.TRUE. 63 
164 DY= P ( l l I * P W R l O Y  64 
166 DX= DY 6 5  
1 7 2  C A L L  P I S T U G ( Y 1  66 
1 7 3  IFIDX.EQ.O-) GO TO 700 
1 7 4  FY=F 

6 1  
68 

176 oY=oX 69 
100 IF IKSH64 .EO.Z I  KPWRY-KPWR 70 
190 I Y L A S = I Y L A B - K F O  7 1  

C 72 
200 XYX =.TRUE. 73 
202 FORY=.FALSE. 7 4  
2 0 4  STUG=.FALSE. 1 5  
206 TONLY=.FALSE. 76 

1 4 8  I F  I (AND1 K O O E Y M A S K ~ ~ )  

208 T L I N X = 5 5 * 1 1 + N / 3 5 )  7 7  
C 18 

2 1 0  IFllANDlKOOE~MASK16~.LE.O.l~ GO TO 2 3 2  79 
213 STUG=. TRUE. 00 
2 1 4  KSX = P ( 6 )  01 
2 1 6  P W R l O X = O l O - * * I K S X - 6 )  82 
2 1 8  FX= P ( 7 ) * P W R l O X  83 
220 F = F X  8 4  
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C 85 

222 I F l H O O l I F I X l P l 5 ~ l r 2 ~ ~ E P ~ 1 ~ 
GO TO 232 86 

224 TONLY=.TRUE. 87 

226 OX =P(8)*PWRlOX 88 

232 CALL PISTUG(X) 89 


IFIOX-EQ.O-) GO T O  700 90 

234 FX=F 91 

240 IFIKSW64.EP.Zl KPWRX=KPYR 9 2  

248 IFLAB3=IFLAB3-KFO 93 


C 94 

250 IFIKSW64.EO.OIGO TO 264 9 5  

252 KOUTX=-KPHRX 96 

254 KOUTY=-KPWRY 97 

256 FlOX=lO.**KPWRX 9 8  

258 FlOY=lO.*+KPWRY 99 

260 WRITE (695021 KOUTXIKOUTY 100 

502 F O R M A T I ~ H P T ~ ~ X I 
3HX*Ev1214H Y*EvI2) 101 


t 102 
nn 7 7 ~- i = i . i i 
264 .- . . .,.. 103 

266 TEMP = FY+FLOATlI-ll*OY*10. 104 

268 ATEMP= ABSITEMPI 105 

270 IF (ATEMP.LT.1.E-7) TEMP = 0. 106 

272 IF ( A T E M P . G E . l . E + 7 ) L A B O U T = 2  107 

278 YLABEL(ll=TEMP 108 

300 KSYLAB =1 109 

302 WRITE I6rFYLAB) IYLABELli).I=l ,111 110 

304 GO TO 1306r700).KSYLAB 


C 

306 KSYLAB =2 

310 LCTR=O 


NCTR=1 

KOUT= 1 

KOUIT= 1 


L 

320 IFlMODlLCTR~M))328r322r328 

322 AFILL= XGRIO 

324 XGL =.TRUE. 


GO TO 330 

328 XGL =.FALSE. 


AFILL=BLANK 

330 00 332 I=Zr104 

332 A(I) = AFILL 

334 00 336 1=2.104,NY 

336 All)= YGRIO 


All) =BLANK 

338 GO TO 1340r4001rKOUT 


r. 
340 KX =lXlNCTR)-FX)/OX +.5 

342 IFIKX-LCTR)630r35Or60O 

350 KY= IYINCTRI-FYI/OY+.5 

351 LS= .TRUE. 

352 TPC = PC 

353 KYL = KY+Z 

354 IFIKY-LT.0) GO TO 360 

356 1FIKY.GT-lOl)GO T O  364 

358 GO TO 370 

360 KYL=l 

362 GO TO 366 

364 KYL=104 

366 TPC=RHARK 


C 

370 AIKYL) =TPC 

372 J=l 

374 IFIKSW8.EO.O) GO TO 380 

376 ELSIJI=P(NCTR+ll) 

378 J= J+l 

380 IFlKSW64-EO-0) GO T O  386 

382 ELS(J)=X(NCTRI/FlOX 

384 ELS(J+lI = Y(NCTRlIF1OY 


C 

386 1FINCTR.GE-N)GO T O  392 

388 NCTR=NCTR+l 

390 GO TO 340 


C 

392 KOUT = 2 

394 M= 10 


111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 
159 

160 
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C 
400 I F I X G L ~ A N O ~ l M O O ~ L C T R . 1 0 ~ ~ E 4 ~ O l I K Q U I T ~ 2  

C 
600 WRITE 1 6 r 5 0 4 ) l A I I l ~ I = 1 ~ 1 0 4 )  
504 F O R M A T l 2 H P  r 2 b X v 1 0 4 A 1 )  
602 I F ( K 8 6 4 . N E - 0 )  GO TO 620 

C 
604 I F i M O O I L C T R ~ 1 0 ~ ~ 6 1 4 ~ 6 0 6 ~ 6 1 4  
606 X L A B E L  = F X + F L O A T I L C T R ) * D X  
608 TENP = A B S i X L A B E L I  
610 IFiTEMP.GE.l.E+7lLABOUT=2 

612 
613 

C 
614 
616 


C 
620 
622 
624 
626 
630 
700 
702 

IF (TEUP.LT . l .E -7 )XLABEL=O.  
W R I T E ( b . F L A B )  X L A B E L  

L C T R  = L C T R + 1  

GO TO 1 3 2 0 ~ 3 0 2 ) . K O U I l  


IFI.NOT.LS) GO TO 604 

L S  = .FALSE. 

WRITE i6rFLSIIELS(I)rI=lrK8641 

GO TO 604 

LABOUT= 4 

GO TO 1710.702.706r704).LABOUT 

WRITE 1 6 ~ 5 0 6 1  


506 F O K M A T l 2 H P L v 3 X i l O H B A O  L A B E L S  ) 
GO TO 720 

L 
704 W R I T E l 6 ~ 5 2 0 1NCTR 

520 FORMAT(2HPL. lBHX OUT OF ORDER. I = , I 5 )  

706 W R l T E ( b r 5 0 8 ) i X ( I ) ~ Y I l ) r I = 1 ~ 2 ) ~ K ~ P ( l )  

5 0 8  F O R M A T ( 2 H P L v 5 H  N - G - . 4 G 2 0 - 8 r I b ~ F 8 - 2 )  

708 GO TO 7 2 0  

710 U R I T E 1 6 v 5 1 0 )  

510 F O R M A T I Z H P L I  

7 2 0  RETURN 


E N 0  

161~~ 

162 

163 
164 
165 
166 
167 

168 

169 
170 
171 
172 
173 
174 
175
176 
177 
178 
179 
180 

181 

102 
183 

184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
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- - 

A L T I O  

I N E  P I S T U G I A R R A Y I  


1 2 6  X I  = ARRAY111  

1 2 8  I F I X Y X )  GO TO 1 3 3  

1 3 0  00 1 3 2  J = 2.N 

1 3 2  X 1  = A M I N l I X 1 , A R R A Y I J I )  

133 I F I S T U G I  X1-F  

174 YN ­
- - . .... = n-n 

1 3 6  00 146 J = I r N  

1 3 8  O I F  A B S l X 1 - A R R A Y I J I )  

140 I F I D I F - L E - X N I G O  TO 146 

1 4 2  XN=OIF  

144 I H O L O = J  

146 CONTINUE 

1 4 7  XN = A R R A Y I I H O L O l  

1 4 8  IF lKSW64.EO.21 KPWR = KHARIAMAXlIA8SIXlI.A8SIXNll) 

149 I F I T O N L Y )  GO TO 2 4 0  

1 5 0  T L I N = 1 0 1 .  

1 5 2  IFI .NOT.FORY1 T L l N  = T L l N L  

1 5 4  C 5  = I X N - X l ) / T L I N  

1 5 6  C 6  = A E S l C 5 1  

1 5 8  I F I C 6 - � 0 . 0 . )  GO TO 3 0 0  

1 5 9  K 7  = K H A R l C 6 )  

160 C8 = 1O.**K7 

1 6 2  C 9  = C 6 l C 8  

164 I F l l 2 ~ 5 - C 9 l . L E . 0 . 0 )  GO TO 7 2  

1 6 6  0=2.  

1 6 8  I F I l 2 - 0 - C 9 ) . L E - O - )  0=2.5 

1 7 0  GO TO 1 7 6  

1 7 2  0=5.  

1 7 4  IF I l 5 . -C9) .LE .0 .0 )  O = l O .  

1 7 6  C 1 1  = O*C8 

1 7 8  OX = S I G N l C l l r C 5 )  

1 7 9  HUN0 = 100.*OX 

2 4 0  K 7  = K H A K I A B S I O X ) )  

2 5 0  U F O  = 0 

2 5 2  I F I K 7 )  2 6 0 1 2 7 0 1 2 5 4  

2 5 4  IFIK7.GE.51 LABOUT=2 

2 5 6  GO TO 2 7 0  

2 6 0  KFO = 6 

2 6 2  I F I K 7 . L T . I - 7 ) )  LABOUT = 2 

2 6 4  I F l K 7 . G T . I - 6 1 )  KFO = -K7  

2 7 0  I F I S T U G )  GO TO 2 3 0  

1 8 2  K C l 2  = I N T ~ A 8 S l X l I I C 1 1 )  

1 8 4  JJ = 1 

106 I F ( x i i  1 8 8 ~ 1 9 2 ~ 1 9 0  


J.1
1 8 8  .. = .3 

1 9 0  1FIOX.LT.O.I JJ = J J + 1  

1 9 2  GO TO 1 1 9 3 r 1 9 4 r 1 9 5 r 1 9 6 1 r J J  

1 9 3  K C 1 4  = K C l 2  


GO TO 1 9 8  

194 K C 1 4  = K C 1 2 + 1  


GO TO 1 9 0  

1 9 5  K C 1 4  = -KC12-1  


GO TO i 9 n  

1 9 6  K C 1 4  = -KC12  

1 9 8  K C 1 3  = M O D l K C 1 2 ~ 1 0 1  


K C 1 5  = K C l 2 - K C 1 3  

199 K C 1 8  = K C 1 5  

2 0 0  GO TO 1 2 1 2 1 2 0 2 1 2 0 2 7 2 1 0 ) r J J  

2 0 2  KC18  = K C l t l + l O  

2 0 4  I F I K C 1 3 . N E . 9 )  GO TO 2 1 0  

2 0 6  K C l 8  = K C 1 4  

2 0 8  GO TO 2 1 2  

2 1 0  I F l X l - L T . O . ) K C 1 8  = - K C 1 8  

2 1 2  F = C l l * F L O A T l K C 1 8 )  

2 1 4  IFI .NOT.FORY1 GO T O  2 3 0  

2 2 0  TEMP = F+HUNO 

2 2 2  GO TO 1 2 2 4 ~ 2 2 8 . 2 2 4 , 2 2 8 ) . J J  

2 2 4  I F I T E M P - G E - X N I  GO TO 2 3 0  

2 2 6  GO TO 2 2 9  

2 2 8  1FITEHP.LE.XNI GO TO 2 3 0  

2 2 9  F = C l l * F L O A T I K C l + )  

2 3 0  CONTINUE 


RETURN 

3 0 0  DXIO.  


LABOUT=3 

GO TO 2 3 0  

FND 


S I E F T C  	KHAR A L T I O  

F U N C T I O N  KHARIXMAX)  

KHAR = I N 1I ALOGI XMAX) I 2  - 3 0 2 5 8 5 + 4 0  -0 )-40 

RETURN 
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